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Abstract 
 
 
In Their Eyes: A Case Study 
Describing the Contributions of Making on Teaching and Learning in a 
Designated Middle School Makerspace 
Kristen L. Horton 
Kenneth Mawritz, Ph.D 
 
 
 
 
This case study explored the contributions of a dedicated middle school 
makerspace on teaching and learning. Rich descriptions from the teacher and student 
participants of this study provide insight into the benefits of the unique learning space. 
Beyond the acquisition of technological skills the makerspace proved to be a space 
conducive to the development of the whole child. Free from constrains typically 
associated with standardized assessments, makerspace teachers enjoyed flexibility in 
promoting student choice and independence. As active facilitators of the learning 
environment, makerspace teachers bolstered a safe place for students to create, explore, 
try new things, and learn through mistakes. A sense of engagement and school pride was 
embedded in the shared words of student participants in this study. Students described the 
makerspace as a fun learning environment where they are free to express themselves and 
escape from daily stresses. Just as the act of making is unique to the individual maker, the 
sense of engagement and pride discovered in this makerspace are unique to this study. 
What can be assumed is that if you provide students opportunities to grow they will 
flourish.  
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Chapter 1: Introduction to the Problem 
	
Introduction 
	
Introducing change to the way that teaching and learning occurs within a school 
district requires the ability to see beyond what has always been done (Fullan, 2011; 
Scharmer, 2009; Senge et al., 2010). When a rural district in Western Pennsylvania 
opened its doors to a dedicated middle school makerspace, the district propelled its 
schools forward as a leader in merging past and present practice for a vision of the future. 
Standing in opposition to traditional educational practices, teaching and learning within a 
makerspace moves away from rote learning and standardization in favor of practices 
focused on the creation of knowledge (Fleming, 2015; Martinez & Stager, 2013).  
More than physical space, makerspaces represent a cultural shift in teaching and 
learning. These are spaces, which emphasize process and effort over fear of failure and 
are dedicated to exploration, creation, and trying new things. Halverson and Sheridan 
(2014) define makerspaces as “communities of practice constructed in a physical place 
set aside for a group of people to use as a core part of their practice” (p. 502). Central to 
the practice of making is that students become active participants in the learning of self 
and others. Encompassed in the dedicated space is a belief that students learn best when 
doing, making, and creating with others. Collaboration brings a makerspace to life as 
students become teachers and teachers become facilitators. 
The appearance of makerspaces in educational settings highlights the depth of the 
current Maker Movement. Previously thriving in settings outside of the classroom, the 
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Maker Movement has gained momentum in K-12 education as a means of engaging 
students in science, technology, engineering, art, and math (STEAM) (Martin, 2015). The 
benefits of makerspaces in K-12 settings reach beyond STEAM disciplines by providing 
an environment where creativity can flourish and confidence can soar (see Figure 1.1). 
According to Laura Fleming (2015), 
bringing the Maker Movement into schools and deploying the culture of 
fun, self-fulfillment, and sharing of ideas and activities immediately 
allows children and young people to come together in a space that eschews 
the traditionally siloed curricular domains; that enables teachers to 
encourage a much more participatory approach for students; and that 
often, it has been said, encourages teachers out of their teacher-directed 
shells to experiment with the kinds of learner-focused activities that the 
makerspace fosters. (p. 3-4) 
 
The district involved in this study opened a cross-disciplinary middle school 
makerspace equipped with state-of-the-art digital fabrication technology in 2013. The 
makerspace was launched with the expressed purpose of bringing together three diverse 
subject areas into one joint space: art, computer science, and technical education. 
McKibben (2014) states that “the program builds foundational skills in the 6th and 7th 
grades in areas such as coding, engineering, robotics, animation, and 3D modeling so that 
students can have free rein to build what they want in the 8th grade” (p. 7).  
In an age of standards and assessment, spaces for creative exploration and growth 
have the potential to change the course of education. According to Martinez and Stager 
(2013), 
for those who want to change education, the hard work is in our own minds, 
bringing ourselves to enter intellectual domains we never thought existed. The 
deepest problem for us is not technology, nor teaching, nor school 
bureaucracies— it’s the limits of our own thinking. (p. 56) 
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The district in this study has demonstrated great creativity in their approach to teaching 
and learning through the creation of unique learning spaces and the incorporation of 
advanced technologies. The creation of a cross-disciplinary makerspace highlights the 
value the district has placed on providing students environments where STEAM 
disciplines are promoted, creativity is fostered, and sense of self and community are 
developed (Agency by Design, 2015; Bevan, Petrich, & Wilkinson, 2015; Honey & 
Kanter, 2013; Martin, 2015; Martinez & Stager, 2013). This is echoed by Blikstein 
(2013), who states, “Schools manifest how they value a particular activity by building a 
space for it” (p. 6).  
 
 
 
Figure 1.1: Schooling vs. Making, www.inventtolearn.com 
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Concurrent to the move away from traditional systems of education has been a 
push for the inclusion of creativity within the school system. The Partnership for 21st 
Century Learning has developed a framework that details the skills, knowledge, and 
expertise necessary for students to be successful in work and life. The framework 
presents a need for Key Subjects and 21st Century Themes, Learning and Innovation 
Skills, Information Media and Technology Skills, and Life and Career Skills. Within this 
framework, creativity is encompassed in the Learning and Innovation Skills themes 
where creativity, innovation, critical thinking, and problem solving skills are addressed 
(Partnership for 21st Century Learning). This objective is opposed by Eisenberg (2012), 
who posits that “there is in fact a very good argument to be made that children don’t 
really need skills for the 21st century” and educators should instead provide students with 
a purpose and a reason to develop skills that engage their interests (p. 16). Dale 
Dougherty (2012), founder of Make magazine and Maker Faire, echoes this sentiment, 
arguing that  
kids today are disengaged and bored in school, and as a result, many see 
themselves as poor learners. We should be framing things in our schools not just 
in terms of ‘How do we test you on that?’ but on ‘What can you do with what you 
know?’ (p. 12). 
 
As the educational landscape continues to shift and grow, the creation and inclusion of 
makerspaces offers the opportunity for districts to explore new ways of teaching and 
learning that inspire purposeful learning. 
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Statement of the Problem to Be Researched 
	
Research has indicated that making has the potential to generate significant 
contributions to student learning. Although recognized as a means of promoting 
STEM/STEAM based disciplines, creativity, innovation, entrepreneurship, and maker 
empowerment, there is little information on how dedicated makerspaces contributes to 
teaching and learning in K-12 educational settings (Agency by Design, 2015; Bevan, 
Petrich, & Wilkensen, 2015, p. 28; Fleming, 2015; Halverson & Sheridan, 2014). 
As the needs of the future evolve, so do the needs of the public education system. 
However, this is not to say that the system is willing to change to accommodate these 
needs. To this end, Senge (2012) asserts that “few institutions are more immune to 
innovation than public education” (p. 44). In an age of exponential growth, this study 
explored how a designated makerspace contributes to students’ educational futures by 
providing vivid descriptions of contributions that participation in a designated 
makerspace had on teaching and learning in a middle school in Western Pennsylvania 
(Eisenberg, 2012; Kurzweil, 2005). 
 
Purpose and Significance of the Problem 
	
Purpose 
This study explored the contributions that a designated makerspace had on 
teaching and learning in a middle school in Western Pennsylvania. While the district has 
embraced innovative learning spaces for teaching and learning, many districts maintain 
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traditional educational models. Describing how a designated makerspace contributed in 
preparing students for the demands of the unknown future provides valuable information 
for districts looking to move away from traditional models of teaching and learning.  
Significance 
Making represents a departure from traditional methods of learning and teaching 
which may cause some to wonder what students are really learning (Bevan et al., 2015). 
A review of the literature (Vossoughi & Bevan, 2014) identifies three areas that 
frequently come into question: (a) the relationship that making has to current conceptual 
recall styles of learning and existing curricula; (b) connections to science, technology, 
engineering, and math (STEM); and (c) its efficacy as a means for reducing inequities in 
education. Answering these specific questions was beyond the scope of the study. 
Instead, this study sought to examine how a designated makerspace provides purpose to 
learning. Specifically, the study looked to describe the ways that a designated 
makerspace contributes to teaching and learning. Although the study was mainly focused 
on the contributions of a designated makerspace, when referring to the term makerspace, 
the researcher included the activities that occur in the space. For the purposes of this 
study, it was assumed that a makerspace is a space in which the act of making occurs.  
 
Research Questions 
	
The central research question presented for this study was as follows: 
How do middle school teachers and students describe the contribution of a dedicated 
makerspace on teaching and learning? 
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Sub-questions: 
1. How do middle school teachers describe the contribution of a dedicated 
makerspace on teaching and learning? 
2. How do eighth grade middle school students describe the contribution of a 
dedicated middle school makerspace on teaching and learning? 
 
The Conceptual Framework 
	
Researcher’s Stances and Experiential Base 
The researcher is a school counselor of a large suburban elementary school in 
Pennsylvania. Over the course of the researcher’s fourteen-year career, many changes 
have taken place in education. Increased reliance on standardized testing has influenced 
the way educators teach, what educators teach, and the way educators view students and 
learning. Measures of success based on test scores rather than application of knowledge 
have left many students’ learning experiences unbalanced. The researcher’s position on 
this study is guided by the belief that learning should be fun, and that the ability to 
memorize and recall facts is not an adequate measure of what a student knows and what a 
student can do. 
Researchers are guided by philosophical paradigms or sets of beliefs by which 
they approach a study (Creswell, 2013; Guba, 1990). An ontological perspective asks, 
“What is the nature of reality?” This question can be addressed in many ways and take 
many forms. Operating from this vantage point, the researcher incorporates multiple 
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different perspectives into the research findings. This researcher believes there are many 
perspectives to explore and recognizes the importance of diversity in experience  
A lack of balance in the current system has reduced opportunities for students to 
learn by doing. Constructivist learning theory asserts that knowledge is gained from 
experience rather than solely through the dissemination of information by another. 
Central to this theory are the social interactions that occur between learners (Martinez & 
Stager, 2013). Papert’s theory of constructionism extends Piaget’s constructivism to 
include an element of action where learning happens as a byproduct of engagement in a 
physical activity that results in a shareable product (Martinez & Stager, 2013). Without 
opportunities to play and do, students miss out on constructing their own knowledge.  
Having served as a teacher and school counselor, this researcher has worked with 
students in classroom settings, small groups, and individually. In these capacities, the 
researcher has shared information with students, modeled expectations with students, and 
asked students to role-play expectations with others. The researcher has observed that the 
students who actively engage in role-playing learn the most from the experience. These 
experiences that have molded the researcher’s belief that learning is best achieved 
through active participation and engagement in activities with others.   
This case study provided an opportunity for the researcher to combine belief 
(constructivist theory) and practice (hands-on research). Stake (1995) asserts that “a 
constructivist view encourages providing readers with good raw materials for their own 
generalizing” (p. 102). This researcher’s knowledge of making grew through social 
engagement with study participants. Observations, concept mapping, and focus groups 
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interviews with teachers and students provided the platform from which these 
interactions occurred.  
The result of this research is a shareable form of learning that reflects the 
researcher’s shift in theoretical understanding from constructivism to constructionism. 
Engaging in this research project provided the researcher with the opportunity to merge 
research and making	as this researcher’s acquisition of knowledge came full circle 
(Dougherty, 2012; Halverson et al., 2014; Halverson & Sheridan, 2014; Martinez & 
Stager, 2013). 
 
Conceptual Framework 
	
This qualitative case study explored the effects and outcomes that a designated 
makerspace has had on teaching and learning at a rural middle school in Western 
Pennsylvania. Making has been promoted as an educational approach well suited to 
bringing balance to the current educational system’s focus on standardization and 
assessment. Obtaining qualitative description from teachers and students engaging 
directly with the district’s makerspace has provided valuable information which may be 
useful for those looking to adopt a similar model.  
Three streams of literature are presented to provide a lens through which to view 
the contributions of making on teaching and learning in a dedicated middle school 
makerspace. The first stream explores the impact that leadership has in setting the stage 
for the successful implementation of innovative programming. This stream places 
educational leadership within the context of the current system by exploring past, present, 
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and future contexts for leadership. Transformational leadership, creativity in leadership, 
the importance of school community relationships, and leader resilience highlight the 
diversity of skills necessary in promoting innovative educational practices. 
The second stream focuses on the world of making. Included is an overview of the 
Maker Movement and making, potential for making in educational settings to include a 
focus on STEM/STEAM education, creativity, and social emotional growth. The third 
stream focuses on creativity and factors that impact the development of student creativity. 
This section explores the question “Who is creative?” and discusses factors that inhibit or 
promote creativity while exploring teacher perceptions of student creativity. 
 
 
 
Figure 1.2: Conceptual Framework 
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Definition of Terms 
	
Constructivism: a theoretical approach which suggests that knowledge is not delivered to 
the learner, but is constructed inside the learner’s head (Martinez & Stager, 2013). 
Constructionism: “learning by constructing knowledge through the act of making 
something shareable” (Halverson & Sheridan, 2014, p. 498; Martinez & Stager, 2013, p. 
21). 
Creativity: “the ability to produce work that is novel (i.e., original, unexpected), high in 
quality, and appropriate (i.e., useful, meets tasks constraints)” (Sternberg, Kaufman, & 
Pretz, 2002 as cited in Kaufman & Baer, 2004).  
Design: “the iterative selection and arrangement of elements to form a whole by which 
people create artifacts, systems, and tools intended to solve a range of problems, large 
and small” (Honey & Kanter, 2013, p. 3). 
Digital Fabrication: “a type of manufacturing process where the machine used is 
controlled by a computer” (Opendesk, n.d.). 
Failure Positive: a positive experience in which learning happens as a result of a mistake 
or failure. 
Make: “to build or adapt objects by hand, for the simple pleasure of figuring out how 
things work” (Honey & Kanter, 2013, p. 4). 
Making: “the act of creation with new and familiar objects” (Martinez & Stager, 2013, p. 
33). 
Maker Empowerment: “a sensitivity to the designed dimension of objects and systems, 
along with the inclination and capacity to shape one’s world through building, tinkering, 
re/designing, or hacking” (Agency by Design, 2015, p. 5). 
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Makerspace: “informal sites for creative production in art, science, and engineering 
where people of all ages blend digital and physical technologies to explore ideas, learn 
technical skills, and create new products” (Sheridan et al., 2014, p. 505).  
Modern Technologies: examples include 3D printers, laser cutters, vinyl printers, and 
microcontrollers. 
Play: “a fun, voluntary activity that often involves make-believe, invention, and 
innovation” (Honey & Kanter, 2013, p. 4). 
3D printer: “a machine that builds a three-dimensional object under computer control” 
(Martinez & Stager, 2013, p. 92).  
STEM: an acronym which stands for science, technology, engineering, and technology. 
STEAM: an acronym which stands for science, technology, engineering, art, and 
technology. 
Tinkering: “a branch of making that emphasizes creative, improvisational problem 
solving (Bevan et al., 2015, p. 99). 
Transformational Leadership: “leadership that is transformational in the sense that it is 
future oriented rather than present oriented and that strengthens organizations by 
inspiring followers’ commitment and creativity” (Eagly & Carli, 2003, p. 815). 
Twenty-first Century Skills: “These skills include creativity, entrepreneurial thinking, 
global companies, and non cognitive skills” (Zhao, Zhang, Lei, & Qio, 2016, p. 115). 
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Assumptions, Limitations, and Delimitations 
	
Assumptions 
In choosing this topic of study, the researcher assumed that a cross-disciplinary 
makerspace infused with digital technologies would result in a learning environment that 
positively impacted teaching and learning. The researcher recognized that each 
individual’s experience was different based on individual perceptions of the environment.  
Limitations 
Study limitations present as factors that have the potential to negatively impact a 
study but are beyond the control of the researcher (Roberts, 2010). Several factors present 
limitations to this study. First, the researcher’s choice of employing a case study 
methodology limits the scope of this study in population size, demographic, and other 
aspects. Furthermore, the study of a case within a bounded system lends to 
generalizations about a particular case that are not intended for the larger society (Stake, 
1995). However, the use of a case study methodology is important to this study in that the 
primary aim of this study was to understand the contributions that a cross-disciplinary 
makerspace has on teaching and learning. Stake (1995) asserts that “case studies are 
undertaken to make the case understandable” (p. 85). The second limitation of the study 
is that information obtained from participants will be based on perceptions of the 
makerspace. 
Delimitations 
Delimitations provide boarders to a study. By including delimitations, the 
researcher specified what would be included and excluded in the study (Roberts, 2010). 
A delimitation of this study is the small sample size, which was comprised of seven 
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teachers and sixteen students, who provide a snapshot of information based on a 
particular place and time. Eighth grade students who had experienced the makerspace 
over the course of three years were the intended student sample for this study. Of the 
sixteen students who participated, three students had not participated in the makerspace 
for three consecutive years. A second delimitation was the exclusion of students in the 
sixth and seventh grades.  
 
Summary 
	
The educational system is constantly changing to meet the demands of a changing 
society. Making, “the act of creation with new and familiar objects,” implies combining 
the old with the new (Martinez & Stager, 2013, p. 33). The district of study has created a 
new learning environment in which principles of the past are being utilized to provide the 
education of the future. Chapter 1 provided background on the district of study while 
providing a context for the potential benefits that making has on teaching and learning in 
the district’s designated makerspace. The intent of this study was to explore the support 
for shifts in teaching and learning that have propelled the district forward as a leader in 
the utilization of technology in nontraditional styles of teaching and learning 
environments. 
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Chapter 2: The Literature Review 
 
Introduction 
	
When addressing the future of making, Dale Dougherty (2013) asserts that “the 
biggest challenge and the biggest opportunity for the Maker Movement is to transform 
education” (p. 8). Our current educational system has deep roots in the formal education 
that became commonplace in American culture in the twentieth century. At this time, the 
country was undergoing the Industrial Revolution. In part, factories flourished due to the 
efficient management practices of the time. With industry booming, leadership models 
associated with industrialization took center stage and were implemented across fields. 
Education was significantly influenced by assembly line production, conformity, and 
efficiency which led to the creation of schools as we know them today (Ackoff & 
Greenberg, 2008). Over the years, a linear approach to learning based on single answers 
and control prevailed for students and educators alike. However, the current literature 
suggests that the shift from a nationally focused economy to a global economy has 
changed what constitutes and how we define effective education and effective leadership. 
Senge (2012) theorizes and anticipates that dramatic changes will begin taking place 
within a system of education that has prevailed for the last 150 years.  
While the excitement generated by the Maker Movement can be viewed as a 
marker of this anticipated change, making as a means of learning is not a new practice. 
The current movement reflects this societal change as it incorporates modern 
technologies and digital tools while maintaining a focus on learning through creating and 
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sharing. Although creating and making has taken different forms throughout history, 
Wardrip and Brahams (2016) remind educators that making in K-12 educational settings 
represents a departure from current methods of teaching and learning, stating, 
Implementing a making program is an example of ‘an innovative program,’ in that 
making facilitates such changes as new modes of classroom work, new materials 
needs, new ways of guiding learning, and new demands on teachers’ capacity to 
support learners. (p. 98) 
 
In a study designed to explore the introduction of making as a classroom learning 
innovation, Wardrip and Brahms (2016) identified leadership as a necessary component 
to the successful integration of making as a learning innovation. Returning to 
Dougherty’s (2013) statement, transforming education through the use of making requires 
one to look beyond the promises and possibilities of the Maker Movement to recognize 
that without leadership there is no path to educational change.  
Three streams of literature are presented to provide a lens through which to view 
the contributions of making on teaching and learning in a dedicated middle school 
makerspace. The first stream explores the impact that leadership has in setting the stage 
for the successful implementation of innovative programming. This stream places 
educational leadership in a context of the current system by exploring past, present and 
future contexts for leadership. Transformational leadership, creativity in leadership, the 
importance of school community relationships, and leader resilience highlight the 
diversity of skills necessary in promoting innovative educational practices.  
The second stream focuses on the world of making. Included is an overview of the 
maker movement and making, potential for making in educational settings to include a 
focus on STEM/STEAM education, creativity, and social emotional growth. The third 
stream focuses on creativity and factors that impact the development of student creativity. 
17	
	
This section explores the question of “Who is creative?” discusses factors that inhibit or 
promote creativity, and explores teacher perceptions of student creativity.  
 
 
 
Figure 2.1: Streams of Literature Review 
 
	
Literature Review 
 
Stream 1: Leadership 
Traditionally, school leadership has worked from a model of leading and learning 
that has strong roots reaching back to the Industrial Age. During this era, top-down 
leadership and assembly line production methods proved to be an efficient way of 
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managing students and staff (Ackoff & Greenberg, 2008). Current trends call for 
creativity and innovation, leading to tension between what was and what could be in 
public education. With increasing pressure to provide students with skills and experiences 
necessary for global engagement, educational leaders are faced with the unique 
opportunity of creating change within the system at large. Literature pertaining to twenty-
first century leadership shows that leaders today require a skill set based on vision, 
growth, and collective involvement, as opposed to authoritative efficiency. Transforming 
education will require leaders to be resilient against adversity and systemic resistance so 
that they may guide others into the future. Through this transition, relationships will 
nurture shared visions of educational change (Senge et al., 2010). Throughout this 
process, leaders will be asked to, and will in turn ask others to, imagine new systems of 
education. Educational leaders will need to be resolute in their purpose for change 
(Fullan, 2011). These new leaders will be the ones to bring individuals together across the 
boundaries of education, business, technology, and politics to address the tensions and 
shortcomings in the current system. Educational leaders who look for creative ideas and 
develop relationships outside the boundaries of their districts will be the ones to answer 
calls for change within public education.  
Leadership perspective: past, present and future. In order to understand the 
current direction of educational leadership, a historical perspective of leadership practice 
is provided. Current demands placed on educational leaders are different than those 
placed on previous educational leaders. Referring to the Industrial Age provides a 
rational for leadership theories of the past and provides the history of how current 
leadership practices have come to be. During the Industrial Age, leadership was driven by 
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the mass production of goods. The goal was to create large quantities of product as 
quickly as possible. Being that workers functioned mostly in a specific role in the 
assembly line and everyone wanted a job, building quality relationships was not 
considered vital to production outcomes. Traditional leadership styles that focused on 
authority and power were adequate and effective strategies of that time (Adler, 1997). 
Utilizing a model of leadership that proved effective and that was in line with the current 
economic needs, schools adopted similar practices. As a result, educational leaders were 
charged with maintaining efficiency and order within school walls. Top-down leadership 
pertained to staff and (by extension) students. The goal of this system was to develop 
students into manual laborers who could perform specific functions on the production 
line as opposed to today’s goal of developing creative, innovative thinkers. However, as 
nations move away from the driven production of the Industrial Age and entered into 
globally networked markets, service began to play as important a role as production in 
the labor market. Leadership styles that proved to be effective in strictly product-based 
markets waned due to a loss of effective in service-based educational systems.  
Although the roots of Industrial Age-styled leadership run deep, many have called 
for change. Early evidence of this call for change within educational leadership can be 
found in an article published in 1981 by John Hoyle. Hoyle’s (1981) writing recognized a 
need for change within twenty-first century theories of educational leadership and 
promoted ideas from current leadership literature, such as “big picture” thinking, leader 
resilience, future thinking, and relationship building. 
Transformational leadership. Transformational leadership is described by Eagly 
and Carli (2003) as “leadership that is future oriented rather than present oriented and that 
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strengthens organizations by inspiring followers’ commitment and creativity.” It is 
described by Rosener (1990) as a form of leadership that transforms followers by 
bringing individual interests together in the support of common goals. Combined, these 
two definitions encompass Adler’s description of global leadership as a process in which 
global communities work together towards the attainment of common goals in an effort 
to create positive change for people and the planet (1997). 
Furthermore, the current literature suggests that the shift from a nationally 
focused economy to a global economy has brought with it a new focus on what defines 
effective leadership. Leadership styles that once emphasized a top-down approach are 
phasing out as leadership based on relationships, collaboration, and shared responsibility 
grows. The work of Senge et al. (2010) and Michael Fullan (2011) both stress the 
importance of relationships and understanding of others in leadership. In the approach to 
systems thinking presented by Senge et al. (2010), creating change relies on leadership 
that brings diverse individuals together in cross-disciplinary groups which are meant to 
cross boundaries and borders. This approach encourages “big picture” and future thinking 
in an attempt to create new ways of solving problems for the future. Similarly, Fullan 
(2011) stresses elements of relationship building through concepts such as impressive 
empathy, motivation of the masses, and collaborate to compete.  
To fully understand how Transformational Leadership plays a role in educational 
leadership, we must first examine the theory’s four core components: idealized influence, 
inspirational motivation, intellectual stimulation, and individual consideration (Bass, 
1995; Kendrick, 2011). Idealized influence forms the basis of the leader-follower 
relationship. This component holds the most weight in that it encompasses respect and 
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trust, without which productive relationships cannot be formed. Inspirational motivation 
is what brings goals into reality. This component looks to the leader’s ability to bring 
individuals together to rally behind shared visions and common goals. Achievement of 
goals is celebrated through the leader’s respect of intellectual stimulation. In this 
capacity, leaders encourage and inspire followers to draw on their own creativity of 
thought which results in big picture visions and leads to innovative methods of problem-
solving. Individual consideration draws upon the leader’s ability to see individuals for 
who they are and who they could become. Through this capacity, leaders grow and 
develop the talent pool within their existing organization (Kendrick, 2011).  
Creativity in leadership. Research on effective leadership shows that different 
approaches have the potential to elicit differing outcomes. Of recent interest in 
educational leadership are creativity and innovation. As creativity and innovation become 
commonplace, the ability of leaders to instill these values in staff and students will 
increase.  
Leadership of any type is a dynamic process that requires individuals to combine 
diverse skills for a common cause. Mumford et al. (2007) present a model of leadership 
that highlights key capacities (expertise, social skills, creative thinking skills and 
organizational knowledge) and capabilities (defining the problem, establishing the 
context and developing and fielding). As presented here, capacities are traits that people 
possess and capabilities are the work that people do. From their model, Mumford et al. 
(2007) highlight expertise as being the key factor in determining success. Although many 
other skills are emphasized, the model prominently features relationships and social skills 
as unifying themes within the identified capacities and capabilities.  
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Combining the work of Kelley and Littman (2005) and Mumford et al. (2007), the 
power of expertise and relationships is evident. The depth of knowledge that a leader 
possesses in their given field provides the basis for much of the work they do. 
Additionally, the expertise that a leader brings to the table provides multiple advantages 
to the leadership process, such as respect from their peers and subordinates and a 
confident perspective that allows for the utilization of creative thinking skills to 
determine possible outcomes to ideas (Mumford et al., 2007).  
Regarding relationships, Heifetz, Grashow and Linsky (2009) suggest that leaders 
take a balcony or big picture perspective to distance oneself from a situation. Doing so 
provides a broader view and greater understanding of the current needs and directions of 
a system. Additionally, using the balcony perspective provides an overview of the many 
types of relationships that the leader must maintain. The balcony view is meant to 
highlight the long-reaching impacts of relationships within leadership. Furthermore, 
relationships provide for the creation of networks both in and out of the organization 
from which support can be gained and ideas can be fielded for feedback. Through these 
networks, leaders move in and out of groups to obtain project approvals and facilitate 
completion of projects (Cooper & Kleinschmidt, 2000; Eisenhardt & Tabrizi, 1995; 
Mumford et al., 2007; Thamhain, 2003). Moving from organizational relationships into 
group relationships, we see that social skills continue to play an important role in the 
quality of relationships formed both between leader and members and members to 
member. Individuals bring diverse experiences and knowledge to the group.  
When functioning as facilitators, leaders are responsible for creating an 
environment that is conducive to the generation and potential implementation of new 
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ideas. To do this, the primary role of the leader is to create an environment that is open to 
and supportive of new ideas (Brown, 2009; Kelley & Littman, 2005; Mumford et al., 
2002; Mumford et al., 2007). Utilizing their capacity for social skills, leaders can engage 
individuals and support efforts to try new things without fearing consequences for ideas 
that prove unsuccessful. Once a supportive climate has been established, leaders should 
encourage intellectual stimulation and involvement, while providing support and freedom 
to experiment (Mumford et al., 2002). Leaders who provide followers with interesting 
projects and the freedom and support to explore ideas contribute to creativity and 
innovation both within and outside organizations.  
School and community relationships. Moving outside the walls of a school, the 
importance of a leader’s ability to develop, nurture and maintain relationships grows. 
There is frequent and ongoing discussion surrounding education’s ability to accurately 
predict the job skills necessary to meet the demand of a constantly changing society. 
Information obtained from Shaari and Hung (2013) indicates that collaborative 
relationships between schools and community organizations help students prepare for life 
within a changing world. As schools continue to depend on community organizations to 
enhance student learning, leaders will have to forgo a top-down style of leadership for 
one based on relationships, collaboration and shared responsibility. The work of Senge et 
al. (2010) and Michael Fullan (2011) both stress the importance of relationships and 
understanding of others in leadership. In the approach to systems thinking presented by 
Senge et al. (2010), creating change relies on leadership that brings diverse individuals 
together in cross-disciplinary groups which are meant to cross boundaries and borders. 
The use of multidisciplinary groups within the field of education can be seen in the work 
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of Shaari and Hung (2013), who utilized this approach to build relationships between 
schools and communities. Supporting this finding, data provided by Sanders and Lewis 
(2005) demonstrates that combined efforts between schools and community partners have 
positive impacts on achievement levels in the school and the community. Shaari and 
Hung (2013) add to these findings and show that partnerships play an important part in 
identifying and investing in emerging talent, thus increasing local human capital within 
the communities (Sanders, 2001). Both Sanders (2005) and Shaari and Hung (2013) 
discuss the commitment that must be made on the part of both schools and organizations 
in the development of effective partnerships. Within both sets of recommendations, the 
authors encourage the utilization of teams at the school level that work to build bridges 
within the community. Team approaches provide for shared vision and buy-in and 
reduces the pressures placed on any one person to initiate and maintain partnerships, thus 
countering common road blocks to school-community partnerships (Sanders, 2005; 
Shaari & Hung, 2013). 
Stream 1 summary: leadership. A review of the literature indicates that change 
within education comes slow. As we move through the twenty-first century, change is 
occurring at an exponential rate and will only increase as the years go by (Kurzweil, 
2005). The education system, although resistant, will not be able to withstand this 
phenomenon indefinitely. When change begins, it will come quickly. Educational leaders 
who are poised with effective twenty-first century leadership skills will be called upon to 
lead the charge for change. Now is the time to identify and invest in emerging 
educational leaders so that they have the time to further develop expertise and networks 
within education and the community which will lead to successful, lasting change. The 
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establishment of networks and partnerships based on mutual trust and shared visions 
place the responsibility of generating creative solutions to educational challenges on the 
collective whole, thereby providing support to leaders to encourage resilience. 
Stream 2: The Maker Movement 
The current Maker Movement came to life in 2005 with the creation of Make 
magazine and further developed in 2006 with the celebration of the first Maker Faire 
(Dougherty, 2012; Martin, 2015, Peppler, 2014). In 2014, the first-ever White House 
Maker Faire propelled making further into the spotlight with the launching of the 
following efforts by President Obama: 
Helping Makers launch new businesses and create jobs, with more than 13 
federal agencies and companies including Etsy, Kickstarter, Indiegogo, and Local 
Motors offering Makers a suite of support services including expanded access to 
start-up grants, strong relationships with American manufacturers and major 
retailers, and business mentoring and training. 
Dramatically expanding the number of students that have the opportunity to 
become Makers, with the Department of Education and five other agencies; over 
150 colleges and universities; more than 130 libraries; and major companies 
ranging including Intel, Autodesk, Disney, Lego, 3D Systems, and MAKE 
committing to create more Makerspaces, enlist more educators in teaching 
Making, and launch other programs that allow students access to the tools and 
mentors that will bring their ideas to life.  
Challenging Makers to tackle our most pressing problems, from Maker Nurses 
prototyping new tools that will aid in patient care, to Makers expanding our 
frontiers in space, to Makers here and abroad developing low-cost technologies 
that can improve the livelihoods of the world’s most vulnerable people. (U.S. 
Government, The White House, 2014) 
 
Support for making continues as the White House celebrates this year’s National Week of 
Making and the White House Maker Faire in June 2016.  
Increased interest in making may lead one to believe that making was born from 
modern society. Martin (2015) reminds us that, “the Maker Movement is a new 
phenomenon, but it is built from familiar pieces, and its relevance to education has deep 
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roots” (p. 31). A long history between making and learning can be seen in the works of 
John Dewey, Jean Piaget, John Fedrich Frobel, and Maria Montessori (Bevan, Petrich, & 
Wilkinson, 2015; Blikstein, 2013; Martin, 2015; Vossoughi & Bevan, 2014). Most 
recently, Seymour Papert has been recognized as the “father of the modern Maker 
Movement” with the introduction of constructionism (Halverson & Sheridan, 2014, p. 
497; Martinez & Stager, 2013, p.17).  
Papert built upon the theory of constructivism initially developed by Piaget. The 
defining difference between constructionism and constructivism is not in how knowledge 
is acquired but in the way that knowledge is demonstrated (Halverson & Sheridan, 2014; 
Martinez & Stager, 2013). The creation of a shareable object makes learning relevant as 
students demonstrate what they know through active making. The creation of 
makerspaces in schools gives meaning to Dougherty’s (2012) assertion that “we should 
be framing things in our schools not just in terms of ‘how do we test you on that?’ but on 
‘what can you do with what you know?’” (p. 12).  
Within in the Maker Movement, a number of terms have developed to describe 
the act of making, the individual maker, and makerspace or place in which making occurs 
(Halverson & Sheridan, 2014). Definitions of making abound. In the book Invent to 
Learn, Martinez and Stager (2013) state that “making is about the act of creation with 
new and familiar materials” (p. 33). In Design, Make, Play, editors Honey and Kanter 
(2013) define “to make” as “to build or adapt objects by hand for the simple personal 
pleasure of figuring out how things work” (p. 4). Halverson and Sheridan (2014) assert 
that “making refers to a set of activities that can be designed with a variety of learning 
goals in mind” (501). Martin (2015) broadens these definitions to include both the 
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element of play and production, defining “making as a class of activities focused on 
designing, modifying, and/or repurposing material objects, for playful or useful ends, 
oriented toward making a ‘product’ of some sort that can be used, interacted with, or 
demonstrated” (p. 31).  
Individual makers perform the act of making. The most simple definition may be 
provided by Martin (2015), who defines a maker as “someone who makes things,” but 
complicates this explanation by stating “like the term artist, it can be difficult to offer a 
precise definition of what it means to be a maker” (p. 31). In another definition, 
Halverson and Sheridan (2014) assert that “makers describe the identities of participation 
(Wenger, 1998) that people take on within the maker movement” (p. 502). Kalil (2013) 
argues that makers are “people who design and make things on their own time because 
they find it intrinsically rewarding to make, tinker, problem-solve, discover, and share 
what they have learned” (p. 12). 
Although making can happen anywhere the space in which making occurs is 
generally referred to as a makerspace. Sheridan et al. (2014) define makerspaces as 
“informal sites for creative production in art, science, and engineering where people of all 
ages blend digital and physical technologies to explore ideas, learn technical skills, and 
create new products” (p. 505). Halverson and Sheridan (2014) further this definition by 
stating that “makerspaces are communities of practice constructed in a physical place set 
aside for a group of people to use as a core part of their practice” (p. 502).  
Halverson and Sheridan (2014) indicate that makerspaces, making, and makers 
can be found in numerous different instructional environments ranging from museums 
and libraries to K-12 and higher education settings. A review of the literature by 
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Vossoughi and Bevan (2014) acknowledges that limited research exists on the subject of 
making in formal educational settings. Martin (2015) supports this finding, pointing to the 
newness of making and lack of empirical evidence in answering the question of what 
youth are learning by making (p. 36).  
Making and STEM/STEAM: tinkering. Making, defined as “the act of creation 
with new and familiar objects,” encompasses tinkering. Tinkering is defined by Martinez 
and Stager (2013) as “a mindset—a playful way to approach and solve problems through 
direct experience, experimentation, and discovery” (p. 33). Bevan, Gutwill, Petrich, and 
Wilkinson (2015) define tinkering “as a branch of making that emphasizes creative, 
improvisational problem solving” (p. 98). It is this playful side of making that the authors 
promote as having direct applications to STEM activities. A review of the literature 
conducted by Vossoughi and Bevan (2014) highlight the components necessary for 
learning within the context of tinkering: creative environments, interweaving of 
fabrication and tinkering, providing multiple pathways, showing making as common 
practice and promotion of both the process of tinkering and use of tools for tinkering.  
Creative environments for tinkering are designed for making. They are spaces in 
which materials can be left out and projects can evolve without being picked up and put 
away. The spaces allow connections to be made as makers move through the process of 
transferring knowledge form the cognitive realm to the physical.  
The addition of modern technologies has added depth to the tool box from which 
makers can tinker. Vossoughi and Bevan (2014) emphasize the need for fabrication to be 
interlaced with tinkering. Interacting with technologies to develop proficient skills allows 
ideas to come to fruition as learning and creating evolves (Blikstein, 2013). Proficiency 
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in fabrication opens doors to a range of maker activities that might not be achievable 
otherwise. Providing multiple pathways from which to pursue a maker activity enables 
students to follow twists and turns as they arise in the act of making. Persevering through 
failed attempts increases depth of learning and builds creative confidence (Kelley & 
Littman, 2005).  
Connecting making that occurs in designated makerspaces to the outside world 
brings learning to life. Through probing questions students learn to extend their 
knowledge. Bevan, Petrich, and Wilkinson (2015) suggest asking questions such as, 
“What kinds of objects in your house depend on electricity?” or “Who do you know 
whose job involves building or designing things?” (p. 32).   
Connections provide an opportunity for diversity in making to flourish. Diverse 
tools and technologies extend the breath of possibilities for makers but are not required 
for making to successfully occur. However, Blikstein (2013) warns that students can 
sometimes get wrapped up in the mere act of using fabrication tools. Showing students 
that making requires nothing more than creativity reinforces the heart of the Maker 
Movement. 
Through the work of a jointly run research project, Bevan, Gutwill, Petrich, and 
Wilkinson (2015) developed the Tinkering Learning Dimensions Framework to present a 
context for what learning looks like in spaces designed for making. The researchers assert 
that “tinkering and making are potentially powerful contexts for learning. But although 
they have deep roots in leading theories of pedagogy, in the present era of educational 
accountability, they challenge many stakeholders’ ideas of ‘what learning looks like” (p. 
118). To answer this question, researchers reviewed audio and videotapes of 50 groups 
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engaged in multiple making activities. Analysis led to the development of a framework 
which identified four learning dimensions: engagement, initiative, intentionality, and 
developing understanding (Bevan et al., 2015). Being engaged means being present in the 
act of making and the appearance of active engagement varies from student to student. 
What is common is the investment of time in the process.  
From engagement comes initiative and intentionality. Initiative can be observed 
through project ownership—“moving beyond the general expectations or activities 
modeled in the Tinkering Studio to do or create something completely different” (Bevan 
et al., 2015, p. 109). Intentionality, which complements initiative, is the demonstration of 
purposeful actions that move a project forward. Social scaffolding highlights the 
collaborative nature of tinkering. The interaction that occurs between makers has the 
potential to grow ideas and build learning. In his 2010 book, Where Good Ideas Come 
From: The Natural History of Innovation, Johnson highlights the role that coffee houses 
played in the generation of new ideas. The conversational environment provided the 
stimulation for ideas to be shared and built upon. Todays’ makerspaces provide a modern 
version of the coffee houses of old wherein conversation and activity come together in 
the form of making and tinkering.  
The constructionist underpinnings of making are revealed in the last dimension of 
the framework (developing understanding). At this stage, makers begin to share 
understanding through explanations of the process as they transition from idea to project 
execution. Connections to prior learning are accessed and advanced as makers design 
increasingly complicated designs. As makers strive for understanding, surprise and 
confusion may be expressed (Bevan et al., 2015, p. 105). Although the Tinkering 
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Learning Dimensions Framework was developed in an out-of-school setting, the 
framework provides valuable information about what learning could look like in more 
formal educational settings. 
Promoting entry into educational settings, Martin (2015) highlights “three 
elements of making and the Maker Movement that are critical for understanding its 
promise for education” (p. 31). The first of these elements are digital tools, such as 
“prototyping tools” and “low cost microcontroller platforms” (p. 31). Prototyping tools 
are the digital tools of fabrication, such as 3D printers (or additive tools which add 
materials to create) and laser cutters (or subtractive tools which remove materials in the 
process of creation). Blikstein (2013) promotes the connection between making and 
fabrication believing that digital tools increase the means through which students can 
express ideas (p. 2). Low-cost microcontrollers help to bring makers’ creations to life. 
Small programmable computer chips provide makers with a means to add details such as 
light, motion, or noise. There are many ways to input data onto these chips, which 
provides makers with nearly endless programming possibilities. A commonly used chip is 
an open-source microcontroller that was developed for students known as Arduino 
(Martin, 2015; Martinez & Stager, 2013).  
The second element described by Martin focuses on “community infrastructure.” 
Martin approaches this element through the lens of an informal learning setting. Sharing 
perspective from experiences with out-of-school maker settings provides an idea of the 
importance of community and provides a framework from which formal educational 
practices can be established. The infrastructure relies on communication and sharing of 
ideas among community participants. In person and online socialization and 
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informational workshops provide avenues for makers to build and share ideas. Within the 
community, novices and experts interact in a fashion that allows for mentoring to occur. 
This process of making and sharing provides a self-perpetuating circle that maintains the 
Maker Movement and reinforces the underpinnings of constructionism that places value 
on learning and knowledge development through sharing (Dougherty, 2012; Halverson & 
Sheridan, 2014; Martinez & Stager, 2013). The benefit of community is particularly 
important for youth.  
The final element of Martin’s key features is based on values and dispositions in 
the maker mindset, which will be addressed in the next section. Martin also notes four 
additional elements which are critical to the use of making for educational success: being 
playful, being asset and growth oriented, being failure positive, and being collaborative 
(p.35). Furthermore, the importance of play is well documented as an important 
component to the development of learning and creativity.  
Habits of mind. Regarding the necessity of the maker mindset, Dougherty (2013) 
states, “we can create workshops or makerspace, and we can acquire the tools and 
materials, but we will not have succeeded at creating innovative thinkers and doers unless 
we are able to foster a maker mindset” (p. 9). A White Paper presented by Agency by 
Design (AbD), Project Zero, Harvard Graduate School of Education (2015), introduces 
the concept of maker empowerment. Funded by a grant from the Abundance Foundation, 
the team spent two years investigating the promises of maker learning (p.1). To better 
understand “promises, practices, and pedagogies” of maker-centered learning, the team 
reviewed literature, visited prominent maker educators, and engaged in action research 
and concept development (p. 1).  From the literature, the AbD team recognized a strong 
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economic push for making as an avenue for the development of STEM disciplines. A 
deeper look brought to light three additional areas of emerging literature that highlight 
additional areas of promise for making: socio/intellectual, individual and collective 
learning opportunities, and educational settings. Interaction with prominent members of 
the field of making shifted the spotlight off of STEM disciplines and placed it on the 
development of self and community. The strength of this shift is reflected by the Agency 
by Design team (2015): 
To focus on STEM skills and the like as the primary outcome of maker education 
would be to sadly miss the point […] what we have been hearing from maker 
practitioners on the ground is the power on maker-centered learning to help 
students develop a sense of personal agency, a sense of self-efficacy, and a sense 
of community. (p. 4) 
 
The final stage of concept development and action research resulted in the 
conceptualization of maker empowerment, which is described by the AbD team as a 
concept focused on the disposition developed by student makers. Formally, it is defined 
as “a sensitivity to the designed dimension of objects and systems, along with the 
inclination and capacity to shape one’s world through building, tinkering, re/designing, or 
hacking” (p. 5). Within this definition, the AbD team indicates three elements that must 
exist for dispositional change to take place: sensitivity, inclination, and capacity.  
Stream 2 summary: making. A review of the literature has found that making 
has the potential to support student development in multiple ways. To focus on 
STEM/STEAM, National Science Standards, dispositions, or any other singular aspect 
negates the dynamic nature of making and dismisses the integrated approach to learning 
that the Maker Movement promotes. As each student’s experience with the act and 
process of making can differ, each student’s perception of making will highlight the 
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impacts that the experience had on them. Some may pursue a future in a STEM/STEAM 
discipline; others might learn to flourish from failure.   
Stream 3: Creativity 
Who is Creative? Runco (2004) argues that everyone has the innate potential to 
be creative and acknowledges that this potential can vary from person to person. His 
work describes both creative potential and creative performance. When creative potential 
is expressed, creative achievement occurs. The move from potential to performance is 
dependent upon motivation, ego-strength, and knowledge base. Enhancement of these 
skills is possible but dependent upon the desire of the individual. Those with higher 
levels of interest are likely to grow their potential and ultimately take part in 
performance, whereas a lack of interest can lead to unachieved potential.  
Amabile (1983) promotes a framework of creativity comprised of three major 
components presented as “Domain-Relevant Skills,” “Creativity-Relevant Skills,” and 
“Task Motivation.” Domain-relevant skills represent the knowledge and technical skills 
that an individual possess in a given area. Greater opportunities for creative production 
occur as an individual’s knowledge and skill sets increase. Development of domain-
relevant skills supports movement from creative potential to creative performance 
(Runco, 2004).  
Creativity-relevant skills focus on cognitive styles, knowledge of heuristics, and 
work style. Cognitive styles open doors for the production of original thoughts and ideas 
while engaging in problem-solving tasks. Amabile (1983) highlights a number of thought 
patterns that contribute to cognitive styles, such as openness to new ideas and ways of 
perceiving knowledge, unconventionality and refraining from early judgments and 
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actions when completing tasks. Knowledge of heuristic methodology can lead to the use 
of work styles that promote creativity, but require the stamina and the ability to 
continually move forward with high levels of energy despite discouragement or 
impediments to the task’s process. Adding in the ability to work for long periods of time 
on a project is task motivation. 
The final component of Amabile’s (1983) framework is task motivation, which is 
composed of two key elements. The first is the initial feeling toward the task, wherein 
students express feelings which result from inner talk and immediate responses to the 
task at hand. These responses can range from “this looks fun” or “cool” to a disgruntled 
“ugh” and “this is stupid.” The second element occurs when perceptions of why one must 
engage in a task are assessed. Amabile indicates that these two elements are assessed 
against an individual’s preference for activities. Individuals who show greater interest for 
a presented activity or task are more likely to view it with a positive attitude. A positive 
attitude leads to positive perceptions of completing an activity or task because it will be 
interesting. When this happens, intrinsic motivation is high. Of course, when initial 
feelings are low, the student’s attitude is typically negative and negative perceptions of 
completing a task decreases intrinsic motivation (Amabile, 1983).  
Environment. Research conducted by Hennessey and Amabile (1987) identified 
five key environmental factors which “kill” creativity: 1. children work for an expected 
reward; 2. teachers or other facilitators set up completive situations; 3. children feel 
pressure to focus on expected evaluation; 4. use of persistent surveillance; and 5. 
situations are presented as choice restricted. 
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When learning is directed towards performance on evaluations, student creativity 
is impacted in two ways. First, as research by Amabile (1983) and Hennessey and 
Amabile (1987) have illustrated, when students anticipate evaluation, there is a decrease 
in creative output. This occurrence has been attributed to a shift from an intrinsic drive to 
create to an external drive to succeed according to specific parameters. Furthermore, 
research conducted by Berglas, Amabile, and Handel (1979) indicates that prior 
evaluation on tasks impacts all future work (Hennessey & Amabile, 1987). Cizek (2001) 
and Hamilton et al. (2005) further support this argument by asserting that “assessment is 
perhaps the greatest barrier” when referring to developing creativity (Collard & Looney, 
2014, p. 354). A review of the literature conducted by Looney (2009) shows that high-
stakes testing situations creates pressure on teachers to teach in such a way that focuses 
greatly on success in testing, thereby deprioritizing strategies and approaches for 
fostering student creativity. The implementation of the Common Core Curriculum in 
many states to prepare students for college and work readiness has furthered the 
importance of standardized assessments as a means of evaluating student achievement. 
Reliance on standardized testing to determine academic and instructional achievement 
stands in opposition to the development and assessment of divergent thinking skills, such 
as creativity (Cizek, 2001; Hamilton et al., 2005 as cited in Collard & Looney, 2014). 
Teacher perceptions. Teachers’ perceptions of creativity also impact the role that 
creativity plays in the classroom. While teachers often express the desire to have creative 
students in their classroom, creative students were rated as least liked by their teachers 
when researchers explored this desire (Torrance, 1963; Westby & Dawson, 1995). 
Westby and Dawson (1995) indicate that teachers generally have a negative perception of 
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creative students. In their study, the researchers asked teachers to consider their favorite 
and least favorite students as they completed surveys designed to rate teacher preference 
against a prototype of a creative student. The results of this study indicate that although 
teachers self-reported as enjoying creative students, their responses to the surveys 
indicate otherwise. A significant finding from this study indicates disconnects between 
what teachers view as creative and what the larger society considers creative. As 
increased focus is put upon the importance of creativity and innovation, identified 
negative teacher perceptions of creative students may be an inhibiting factor in the 
development of desired skills.  
Stream 3 summary: creativity. The creativity literature discussed in this section 
explored the potential that individuals have for creativity and the factors that influence 
the development of creativity. The impact of learning environments was reviewed 
revealing the interconnectedness of skills and motivation in creative performance. 
Literature concerning teacher perceptions of creativity was shared in an effort to point out 
inconsistences in what is considered creative. 
 
Summary 
	
The three streams of literature presented provided an overview of educational 
leadership, the Maker Movement, and creativity. The role of educational leaders in 
initiating change within districts is significant. Innovative learning environments 
promoted by the Maker Movement rely on leaders’ ability to utilize creative solutions in 
response to the pressures of standardization and assessment. When leadership and 
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innovation come together the elements necessary to create environments conducive to the 
development of student creativity have the opportunity to thrive. A circular perspective of 
the impact that these three streams have upon each other provided the building blocks 
from which this study was derived.  
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Chapter 3: Research Methodology 
	
Introduction 
	
This study was designed to explore teaching and learning in a middle school 
makerspace in a rural district in Western Pennsylvania. While significant information is 
available on the contributions of making in non-school settings, little is known about the 
contributions of making on teaching and learning in public school settings. This study 
utilized case study methodology to describe the contributions that participation in the 
makerspace has had on the teachers and students who teach and learn in the middle 
school space. This research seeks to answer the following central question and 
accompanying sub-questions: 
 
How do middle school teachers and students describe the contribution of a dedicated 
makerspace on teaching and learning? 
Sub-questions: 
1. How do middle school teachers describe the contribution of a dedicated 
makerspace on teaching and learning? 
2. How do eighth grade middle school students describe the contribution of a 
dedicated middle school makerspace on teaching and learning? 
 
This chapter describes the research methodology, design, and rationale that set the 
stage for this study. Specifically, this chapter details the case study research design. A 
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rich description of the site and population is provided as a means of placing the research 
in the context of the case, a detailed presentation of the proposed data collection methods 
is provided, and the ethical considerations that guided the study are discussed.  
 
Research Design and Rationale 
	
As previously stated, this case study was designed to describe the experiences of 
teachers and students who have directly participated in a designated middle school 
makerspace located in a rural district in Western Pennsylvania. According to Stake 
(1995), a case contains elements that are both common and unique. He states,  
uniqueness is established not particularly by comparing it on a number of 
variables—there may be few ways in which one strays from the norm—but the 
case is seen by people close at hand to be, in many ways, unprecedented and 
important, in other words, a critical uniqueness. (p. 44)  
 
The uniqueness of the district’s makerspace is seen in its’ departure from tradition. The 
inclusion of a makerspace within the public school setting provides an opportunity to 
describe and understand what learning looks like in this particular setting (Stake, 1995).  
Case study methodology allows for the incorporation of diverse data collection 
methods to fully describe a specific practice or phenomenon. Creswell (2012) indicates 
that this methodology uses observations, interviews, documents, and audiovisual 
materials (p. 212). Baxter and Jack (2008) see data collection sources as pieces to a 
puzzle—the more pieces that the researcher has collected and arranged, the greater the 
ability to provide a deeper understanding of the case being studied (p. 554).  The authors 
further indicate that there are dangers to collecting too much data and warn that 
researchers and the research project itself can become lost in data (p. 554). Balancing too 
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little with too much poses a challenge to the many options for data collection that are 
available in case study methodology. The primary data collection tools for this study 
were observations, concept maps, and focus group interviews. 
 
Site and Population 
	
Population Description 
Participants in this study were teachers and students. Two groups of teachers were 
represented in this study: middle school teachers connected to the designated makerspace 
in the content areas of art, computer science, and technical education; and middle school 
teachers for content areas outside the boundaries of the designated makerspace. Teachers 
from the content areas of math, science, social studies, and English language arts 
represented the second teacher group.  All teachers were considered highly qualified as 
reported by the Pennsylvania Department of Education (Pennsylvania Department of 
Education, 2015). The eighth grade class of the district of study represented the student 
population. Eighth grade students who had experienced learning in the makerspace were 
to be included in this study. 
Site Description 
The study was conducted in a rural district in Western Pennsylvania located 
approximately 35 miles outside of Pittsburgh. Spanning 43.3 square miles, the district 
serves 2,354 students throughout six buildings: one high school, one middle school and 
four elementary schools. The district reports 94.56% of the student population as White 
42	
	
(not Hispanic), 36.11% as economically disadvantaged, and 16.86% as receiving special 
education (Pennsylvania Department of Education, 2015). 
Site Access 
The researcher was not employed by the district in which this study took place.  
The researcher took notice of the district of study during the winter of 2014, at which 
time, the researcher contacted the district superintendent to inquire about the steps that 
leadership had taken to bring unique programing to the district. Through this contact, the 
researcher was granted access to the site and maintained communication with the 
superintendent as the study’s focus and design were developed. The superintendent 
supported enacting the proposed study and provided written consent allowing the 
researcher to have access to the teachers and eighth grade students participating in the 
designated middle school makerspace. 
 
Research Methods 
	
Using a qualitative case study approach, the researcher utilized multiple methods 
of data collection.  Table 3.1 reflects the data collection and data analysis strategies that 
were employed to address each research question. Figure 3.1 provides a visual 
representation of data collection and data analysis phases of this study.  
Descriptions of Each Method and Stages of Data Collection 
Phase 1: document review. This researcher was not employed by the district in 
which this study was conducted. Becoming familiar with the district was necessary to 
develop background knowledge of the designated makerspace. Documents and artifacts 
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were obtained by accessing the district website, through e-mail contact with the district 
superintendent and/or district designee, and an Internet search. Document review 
occurred throughout all stages of data collection. 
Phase 2: observations. The second set of data was obtained through 
observations. Through observations, the researcher was able to take in and describe what 
learning looked like in the district’s makerspace. This method was aligned to Stake’s 
(1995) assertion that “observations work the researcher toward greater understanding of 
the case” (p. 60). Furthermore, the researcher utilized Creswell’s (2012) approach to 
observation by shifting between participant and nonparticipant observation methods in 
order to develop an increased depth of understanding (p. 214). Participant observers take 
part in the activities that are being observed while nonparticipants take a watchful, hands-
off approach. Participation allowed for greater understanding of participant experiences 
but requires greater access to the site. Nonparticipant observers require less access and 
may result in less detailed accounts of the participant experience. A combined approach 
of “changing observation roles” permitted a researcher to move in and out of 
nonparticipation and participation as comfort level at the site was developed (Creswell, 
2012). 
Detailed field notes were taken during observations to allow for later coding and 
analysis leading to the identification of themes. A combination of descriptive field notes 
documenting the actual environment to include the space, activities and people and 
reflective field notes documenting thoughts, ideas, and themes were recorded during the 
observations (Creswell, 2012). A field note observation form was utilized to record each 
observation that occurred in the designated makerspace (see Appendix A).  
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The researcher observed sixth, seventh, and eighth grade classes that occurred in 
the designated middle school makerspace. Eight grade students were purposefully chosen 
to participate in direct data collection activities with the researcher due to the increased 
freedom of project selection that eighth grade students are afforded in their third and final 
year of participation in the makerspace.  
Phase 3: concept maps. A third set of data was obtained through the use of 
concept maps, which were used “as a tool for making students’ thinking about thinking 
visible” (Ritchhart, Turner, & Hader, 2009, p. 148). Novak and Gowin (1984) indicate 
that group mapping allows for shared meaning to be displayed in a single visual picture. 
The purpose of incorporating concept mapping into the teacher and student focus groups 
was to make teachers’ and students’ thinking about the middle school makerspace 
visible. Additionally, the social nature and construction of a visual artifact aligned well 
with the principles of making.  
When mapping in groups, Novak and Gowin (1984) recommend groups be 
composed of two to three members. Participating in this study were two teacher groups 
and five student groups. The first teacher group was comprised of three teachers that 
work within the designated makerspace. The second teacher group was composed of four 
content area teachers from disciplines outside of the makerspace. Sixteen eighth grade 
students constituted five student groups resulting in four groups of three and one group of 
four. Each participant group completed a concept for a total of seven completed concept 
maps.	
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The protocol developed by Ritchhart, Turner and Hadar (2009) is reflected in the 
following paragraphs outlining how concept mapping was introduced, facilitated, and 
analyzed for use in this study (See Appendix B).  
Prior to asking the participants to create their own concept maps, a sample group 
map was created to demonstrate the process and ensure participant understanding. Upon 
completion of the sample mapping activity, student participants were provided prompts to 
guide thinking about the makerspace. The district has given the makerspace a proprietary 
name that will be used in the actual prompts to ensure participant connection to the 
makerspace and data collection activity. The following are the prompts that were 
provided to the makerspace teachers: 
Think about the makerspace.  
1. How would you describe the makerspace to someone who has never been there?  
2. Think of the students who have participated in the makerspace. How has 
participation in the makerspace contributed to their learning?  
3. Think of your role in the makerspace. When you tell someone what you do, how 
might you describe that role?  
 
Content area teacher prompts paralleled prompts provided to the makerspace teachers. 
The following are the prompts that were provided to the content area teachers:  
Think about the makerspace. 
1.  How would you describe the makerspace to someone who has never been there?  
2.  Think of the students who have participated in the makerspace. How has 
participation in the makerspace contributed to their learning?  
3. Think about the teacher’s role in the makerspace, how might you describe it? 
 
Similar prompts were provided to students, but emphasized gaining insight from the 
learner’s perspective. The prompts were as follows:  
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Think about the makerspace.  
1. How would you describe the makerspace to someone who has never been there?  
2. Think of a time that you felt motivated to complete a project. What thoughts were 
you having when you felt this way?  
3. Think of the time that you have spent in the makerspace. How has this experience 
contributed to how you think about learning? 
 
Concept maps were completed using a paper template with the name of the 
district’s makerspace located in a circle positioned in the middle of the paper (Appendix 
C). Completed concept maps were scanned to the researcher’s personal computer and 
uploaded to NVivo 11, a data collection and analysis program. NVivo 11 software was 
chosen for this study for its ability to analyze images. Uploaded concept maps were 
coded using a two-phased, first and second cycle method, which led to the development 
of themes (Miles, Huberman, & Saldaña, 2014).  
Phase 4: teacher focus groups. Teacher focus groups provided an avenue 
through which the teachers’ voices could be heard. According to Creswell (2012), “focus 
groups can be used to collect shared understanding from several individuals as well as to 
get views from specific people” (p. 218). Citing, Folch-Lyon and Trost (1981), Vaughn, 
Schumm, and Sinagub (1996) indicate that focus groups may provide a better means of 
obtaining perceptions and beliefs from individuals than single interviews. The social 
aspect of group interactions acts as a vehicle for greater depth of discovery wherein ideas 
can be shared and built upon while providing an element of anonymity and security that 
is not always present in one-to-one interviews (Onwuegbuzie, Leech, & Collins, 2010; 
Vaughn, Schumm, & Sinagub, 1996).   
When conducting focus groups, it is important to hear the voice of all participants. 
Onwuegbuzie, Leech, and Collins (2010) have developed a matrix for assessing levels of 
consensus in a focus group. The matrix provides codes for indicating agreement and 
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dissent. Utilization of this tool allows researchers to indicate participants’ level of 
agreement to information being shared. Some researchers, such as Kidd and Parshall 
(2000) and Morgan (1997), believe that counts of agreement and disagreement should be 
collected as descriptive data, whereas Onwuegbuzie, Dickinson, Leech, and Zoran (2009) 
and Onwuegbuzie, Leech, and Collins (2010) promote using the descriptive information 
as a means of indicting intensity of viewpoints. With the permission of Onwuegbuzie, 
Leech, and Collins, an adapted version of the matrix was developed for use in this study 
(see Appendix D).  
Utilization of teacher focus group interviews was chosen for this study to provide 
an element of security and anonymity that one-to-one interviews cannot offer (Vaughn, 
Schumm, & Sinagub, 1996). By conducting teacher focus group interviews, the 
researcher gathered rich descriptions of the contributions that the designated makerspace 
had on teaching and learning. Hess (1968) places focus groups ahead of individual 
interviews due to synergism, snowballing, stimulation, security, and spontaneity 
(Vaughn, Schumm, & Sinagub, 1996). Group synergism allows for a greater depth of 
knowledge that results from the interactions between the group members. One such 
interaction is snowballing. Snowballing occurs when participants build upon one 
another’s statements in the group, leading to what Hess (1968) referred to as a chain 
reaction (Vaughn, Schumm, & Sinagub, 1996). Stimulation refers to the generation of 
excitement within the group conversation regarding topics being discussed. This 
enthusiasm is buttressed by the sense of security that group discussion can provide by 
reducing the pressure to respond. Through this, responses tend to be more genuine and 
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spontaneous or candid than during individual interviews (Vaughn, Schumm, & Sinagub, 
1996). 
Allowing conversation to occur and develop somewhat organically has the 
potential to uncover information that may not have otherwise been shared. Balancing 
focus group spontaneity of response with adherence to the interview guides can pose a 
challenge when conducting focus group interviews (Creswell, 2012; DiCicco-Bloom & 
Crabtree, 2006). To provide some direction to the group, a semi-structured interview 
guide was used. 
Focus groups were guided by open-ended questions aimed at obtaining 
descriptions of how making has contributed to students’ learning in the makerspace. 
Subsequent questions asked the teachers to describe the differences between teaching and 
learning in a traditional environment and maker environment. Questions were 
intentionally left open-ended providing participants the freedom to respond in ways they 
felt appropriately described their experiences, while also leaving time for spontaneous 
conversation (Creswell, 2012; DiCicco-Bloom & Crabtree, 2006).  
An emerging process was used in the development of questions to be asked 
during student focus group interviews. According to Creswell (2012), when using an 
emerging design “researchers may start with initial questions, shape them during initial 
data collection, and further change them because of multiple visits to the field to gather 
data” (p. 130). A preliminary list of questions was developed to structure the teacher 
focus group interviews (See Appendix E & Appendix F). Data collected from phase one 
(document review), phase two (observations), and phase three (concept maps) provided a 
sense of the case and contributions that making had on teaching and learning in a 
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designated middle school makerspace. This data was analyzed prior to the beginning of 
phase four to aide in the finalization of teacher focus group questions. 
When conducting interviews, Stake (1995) indicates that taking notes on the 
participants words is not necessary, stating that “rather than tape-record[ing] or writ[ing] 
furiously, it is better to listen, to take a few notes, to ask for clarification” (p.66). More 
important than note-taking is setting time aside to record thoughts, impressions and 
feelings that emerged from the student focus groups. Time was set aside at the conclusion 
of each interview to allow the researcher to collect thoughts, write a summary of the 
interview, and record any initial themes that may have become apparent. Focus groups 
were recorded using a digital voice recorder (.mp3 format). Recordings were 
electronically sent to a web-based program for transcription. Transcriptions were printed 
and initial coding will occur by hand.  
Teacher participation in the focus group was voluntary. When this study was 
conducted, three teachers supported student learning in the designated middle school 
makerspace. Participants reflect a purposeful sample as they were selected for 
participation due to their connection to and involvement with the makerspace. Prior to 
participation, the researcher met with teacher participants to share the research purpose 
and goals. Participants were provided a full disclosure letter and written consent to 
participate was obtained. 
Phase 5: student focus groups. Student focus groups provided an avenue 
through which students’ own voices can be heard. According to Creswell (2012), “focus 
groups can be used to collect shared understanding from several individuals as well as to 
get views from specific people” (p. 218). Citing Folch-Lyon and Trost (1981), Vaughn, 
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Schumm, and Sinagub (1996) indicate that focus groups may provide a better means of 
obtaining perceptions and beliefs from individuals than single interviews. The social 
aspect of group interactions acts as a vehicle for greater depth of discovery wherein ideas 
can be shared and built upon while providing an element of anonymity and security that 
is not always present in one-to-one interviews (Onwuegbuzie, Leech, & Collins, 2010; 
Vaughn, Schumm, & Sinagub, 1996).   
When conducting focus groups, it is important to hear the voice of all participants. 
Onwuegbuzie, Leech and Collins (2010) have developed a matrix for assessing levels of 
consensus in a focus group. The matrix provides codes for indicating agreement and 
dissent. Utilization of this tool allows researchers to indicate participants’ level of 
agreement to information being shared. Some researchers, such as Kidd and Parshall 
(2000) and Morgan (1997), believe that counts of agreement and disagreement should be 
collected as descriptive data, whereas Onwuegbuzie, Dickinson, Leech, and Zoran (2009) 
and Onwuegbuzie, Leech, and Collins (2010) promote using the descriptive information 
as a means of indicting intensity of viewpoints. With the permission of Onwuegbuzie, 
Leech, and Collins, an adapted version of the matrix was developed for use in this study 
(see Appendix D).  
Utilization of student focus group interviews was chosen for this study to provide 
an element of security and anonymity that one-to-one interviews cannot offer (Vaughn, 
Schumm, & Sinagub, 1996). By conducting student focus group interviews, the 
researcher obtained rich descriptions of the contributions that a designated makerspace 
had on teaching and learning. Hess (1968) places focus groups ahead of individual 
interviews due to synergism, snowballing, stimulation, security, and spontaneity 
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(Vaughn, Schumm, & Sinagub, 1996). Group synergism allows for a greater depth of 
knowledge that results from the interactions between the group members. One such 
interaction is snowballing. Snowballing occurs when participants build upon one 
another’s statements in the group, leading to what Hess (1968) referred to as a chain 
reaction (Vaughn, Schumm, & Sinagub, 1996). Stimulation refers to the generation of 
excitement within the group conversation regarding topics being discussed. This 
enthusiasm is supported by the sense of security that group discussion can provide by 
reducing the pressure to respond. Through this, responses tend to be more genuine and 
spontaneous than during individual interviews (Vaughn, Schumm, & Sinagub, 1996). 
Allowing conversation to occur and develop somewhat organically has the 
potential to uncover information that may not have otherwise been shared. Balancing 
focus group spontaneity of response with adherence to the interview guides can pose a 
challenge when conducting focus group interviews (Creswell, 2012; DiCicco-Bloom & 
Crabtree, 2006). To provide some direction to the group, a semi-structured interview 
guide was utilized by the researcher. 
Focus groups were guided by open-ended questions aimed at obtaining 
descriptions of how making has contributed to students’ learning in the makerspace. 
Subsequent questions asked students to describe the differences between teaching and 
learning in a traditional environment and maker environment. Questions were 
intentionally left open-ended so that students would feel free to respond in a way that 
most appropriately described their experience, while at the same left room for 
spontaneous conversation (Creswell, 2012; DiCicco-Bloom & Crabtree, 2006).  
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An emerging process was utilized in the development of questions asked during 
student focus group interviews. According to Creswell (2012) when using an emerging 
design “researchers may start with initial questions, shape them during initial data 
collection, and further change them because of multiple visits to the field to gather data” 
(p. 130). The preliminary list of questions for the student focus group interviews can be 
found in Appendix G. Data collected from phase one (document review), phase two 
(observations), and phase three (concept maps) provided a sense of the case and 
contributions that making has on teaching and learning in a designated middle school 
makerspace. This data was analyzed prior to the beginning of phase five to aide in the 
finalization of student focus group questions. 
When conducting interviews, Stake (1995) indicates that taking notes on the 
participants words is not necessary, stating that “rather than tape-record[ing] or writ[ing] 
furiously, it is better to listen, to take a few notes, to ask for clarification” (p.66). More 
important than note-taking is setting time aside to record thoughts, impressions and 
feelings that emerged from the student focus groups. Time was set aside at the conclusion 
of each interview to allow the researcher to collect, thoughts, write a summary of the 
interview, and record any initial themes that become apparent. Focus groups were 
recorded using a digital voice recorder (.mp3 format). Recordings were electronically 
sent to a web-based program for transcription. Transcriptions were printed and initial 
coding will occurred by hand.  
Student participation in focus groups was voluntary. Each year eighth grade 
students spend 18 weeks in the designated makerspace. Approximately 40 study 
invitations were distributed to eighth grade students participating in the makerspace for 
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the first 18 weeks of the 2016-2017 school year. The students invited to participate in this 
study were scheduled in the makerspace for the first nine weeks of their eighth grade 
year. All participants were provided with a disclosure letter. As the student participants 
are minors, written consent to participate in the study was obtained from parents and/or 
guardians and the participants themselves. Students without both levels of consent were 
not included in this study.  
 
 
Table 3.1: Proposed research questions, data collection methods, and analysis 
Central Research Question: 
What are the arrangements for teaching and in a designated middle school 
makerspace? 
 
Sub-questions Case Study Data Collection Data Analysis 
Sub-question 1: 
How do middle school 
teachers describe the 
contribution of a 
dedicated makerspace 
on teaching and 
learning? 
Qualitative 
Observations 
Teacher Focus 
Group 
Concept Maps 
Record, 
Transcribe, and 
Code Themes 
Sub-question 2: 
How do eighth grade 
middle school 
students describe the 
contribution of a 
dedicated middle 
school makerspace on 
teaching and 
learning? 
Qualitative 
Observations 
Concept Maps 
Student Focus 
Group 
 
Record, 
Transcribe, and 
Code Themes 
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Data Analysis Procedures 
The data collection methods provided for triangulation of data. Data triangulation 
is described by Stake (1995) as “an effort to see if what [the researchers] are observing 
and reporting carries the same meaning when found under different circumstances” (p. 
113). The study provided a diverse plan in which the researcher was able to directly 
observe activities in the makerspace, view visual representations of participants’ thoughts 
pertaining to the makerspace, and hear participants’ impressions of the makerspace. 
Together, this data provided a rich field of information for analysis, coding, and theme 
development.  
The researcher contemplated the use of Computer Assisted Data Analysis 
Software (CADAS) for this study. While the use of such programs allow for greater 
analysis and display of data, the researcher ultimately decided that coding by hand would 
allow for a more intimate relationship with and understanding of the data (Miles, 
Huberman, & Saldaña, 2014). The researcher utilized a combined approach to data 
analysis in which initial coding occurred by hand.  
 
Ethical Considerations 
	
The research study was planned and implemented to ensure the safety and 
wellbeing of all participants. All procedures adhered to Institutional Review Board (IRB) 
guidelines. Prior to beginning the data collection process, participants were informed of 
the purpose of this study. To ensure rights, participants were invited to participate 
voluntarily and with consent. As this study included student participants, additional steps 
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were taken to ensure that student rights and privacy were protected. The student 
participants in this study were eighth grade students and were under the age of 18, 
thereby necessitating the permission of the student’s parent and/or guardian be obtained 
for inclusion in a study. The researcher recognized that eighth grade students are young 
adults with the capability of determining their willingness or comfort to participate in the 
study. Upon receiving parental consent the researcher obtained assent from student 
participants before engaging in research.  
 
 
 
Figure 3.1: Timeline of data collection and analysis 
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Participation in this study was voluntary, allowing those teachers, students, and 
parents who are uncomfortable with the subject matter to decline participation. An 
informational flyer and permission to participate consent form were created by the 
researcher and distributed with the support of the district of study. The informational 
flyer and permission to participate consent form was sent home to the parents and/or 
guardians of eighth grade students scheduled to participate in the middle school’s 
designated makerspace during the first 18 weeks of the 2016-2017 school year. A one-
week window was given to provide ample time to collect parents’ and/or guardians’ 
permission to participate consent forms.  
At the conclusion of the one-week window, the researcher had received 16 
returned parent consent forms from the 40 that were distributed. Thirteen of the 16 
consent forms returned were from students who met the proposed study criteria of three 
consecutive years of experience in the makerspace. Three of the returned forms were 
from students who had not had participated in the makerspace for three consecutive 
years. Although not initially proposed in the initial study plan, the three students were 
included in this study. 
Seven teachers were included in this study. Teacher participants consisted of three 
teachers working within the designated makerspace, each representing a different 
discipline—art, computer science, and technical education. In addition to the three 
teachers representing the makerspace, four teachers representing content areas outside of 
the makerspace were included in this study. Prior to the start of the study, teachers were 
informed of the purpose of the study and consent was obtained. The small number of 
teacher participants provided challenges to maintaining anonymity.  To mitigate this 
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issue, descriptive results were divided into two groups (those who work directly with the 
makerspace and those who do not). Individual results were not reported. Demographic 
information contained on the survey, such as age, sex, and years in the teaching 
profession, were solely for the use of this study. At any time throughout the course of this 
study participants had the right to end participation without question.  
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Chapter 4: Findings, Results, and Interpretations 
	
Introduction 
	
Thriving in out of school settings, makerspaces are beginning to gain attention in 
public schools. Representing a shift from rote learning and standardization, makerspaces 
focus on active learning, creation, and learner independence. Martin (2015) sheds light on 
the effectiveness of making as an educational practice stating, “An obvious and important 
question about making and its role in education is what do youth learn though making? 
Because interest in making as an educational activity is new, empirical evidence 
specifically about making is still limited” (p. 36). This case study was designed to explore 
the contributions of a designated middle school makerspace on teaching and learning 
within one district in Western Pennsylvania. Results of this study add to the growing 
body of knowledge providing answers to the question, “What do youth learn through 
making in educational settings?” Answers to this question may provide districts with 
valuable information on ways that makerspaces contribute to the process of teaching and 
learning.   
Research for this study was started utilizing the conceptual framework found in 
Figure 4.1. The researcher assumed that increased student creativity and student 
engagement would result from a learning environment focused on science, technology, 
engineering, art, and math (STEAM) and that utilized digital technologies in a manner 
that promoted learning through the production of a shareable object. Methods of data 
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collection included a concept map activity, focus group interviews, and observations 
conducted by the researcher. Seven teacher participants and sixteen student participants 
met with the researcher on two separate occasions over the course of a three-month 
period to complete the concept map activity and focus group interview. Of the seven 
teachers, three teachers participated in the makerspace teacher group representing the 
areas of art, computer science, and technical education. The remaining four teachers 
participated in the content area teacher group representing the areas of math, science, 
social studies, and English language arts; this group did not utilize the makerspace in 
their daily educational activities. The sixteen eighth grade student participants were 
divided into five student groups. Observations in the makerspace were conducted across 
the same three-month period from October 2016 to December 2016.  
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Figure 4.1: Pre-study Conceptual Model 
 
 
Using a case study methodology, the researcher analyzed concept maps, focus 
group interviews, and observations as a means of triangulating data. Concept maps 
provided an organic opportunity for participants to visually represent thoughts regarding 
the makerspace. In contrast to the open expression of the concept maps, focus group 
interviews were designed to elicit specific information regarding teaching and learning in 
the makerspace and provided opportunities for the researcher to more fully understand 
participant perceptions. Observations in the makerspace provided opportunities for the 
researcher to connect participants’ shared perceptions to practice, tying together 
information obtained from the makerspace teacher concept maps, content area teacher 
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concept maps, student concept maps, makerspace teacher focus group interviews, content 
area teacher focus group interviews, and student focus group interviews. The researcher’s 
analysis and eventual use of NVivo 11 software lead to the development of four themes. 
Once preliminary themes had been developed the researcher further utilized NVivo 11 
software to create and display visual representations of the qualitative data.   
 
District Description 
The study was conducted in a rural district in Western Pennsylvania. Spanning 
43.3 square miles, the district maintains one high school, one middle school, and four 
elementary schools. The district opened a cross-disciplinary middle school makerspace 
equipped with state-of-the-art digital fabrication technology in 2013. The makerspace 
was launched with the expressed purpose of bringing together three diverse subject areas 
into one joint space: art, computer science, and technical education. More than a physical 
space, the designated makerspace represents a shift from focus on rote learning and 
standardization to one focused on creation, independence, and active learning. 
Data collection timeline. The superintendent of the district of study played an 
important role in making this study possible. The researcher met with the superintendent 
in the summer of 2015 to discuss the potential for research to occur in the district. 
Throughout the year, the researcher and superintendent continued communications as the 
researcher developed a research study designed to explore the middle school’s dedicated 
makerspace. In August 2016, the researcher met with the district superintendent to 
discuss the plan of study and develop the data collection timeline. In October 2016, the 
researcher provided the superintendent with study invitations for distribution to teachers 
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and students at the middle school of study. Study permissions were provided to the 
middle school principal for distribution within the middle school.  
Makerspace teachers distributed approximately 40 study invitations to students 
participating in the makerspace for the first 18 weeks of the 2016-2017 school year. 
Sixteen of the 40 student study invitations were returned indicating parental permission 
for study participation. Prior to engaging in data collection activities, the researcher met 
with the 16 students who returned parental consent forms to review the purpose of the 
study, answer questions that the group had regarding confidentiality, and obtain student 
assent for participation prior to initiation of the concept map and focus group activities.  
Invitations to participate were distributed to the teachers of the makerspace in 
October 2016. Participation of the makerspace teachers was vital to the study. The 
researcher did not want this group to feel obligated to participate. Prior to engaging in 
data collection activities the researcher reviewed the purpose of the study and answered 
questions that the group had regarding confidentiality. Three makerspace teachers 
volunteered and consented to participate in this study.  
Two teams of content area teachers supported eighth grade student learning in the 
middle school of study. The team of content area teachers who participated in this study 
were invited by the building principal. Prior to engaging in data collection activities, the 
researcher reviewed the purpose of the study and answered questions that the group had 
regarding confidentiality. The four teachers participated in the study voluntarily.  
In October 2016, concept map activities were conducted with the makerspace 
teacher group, content area teacher group, and five student groups. Focus group 
interviews were scheduled to occur in November 2016. Unforeseen student and teacher 
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participant absences during the month resulted in the rescheduling of student group three 
and the content area teacher group interviews for December 2016 (Table 4.1). 
Makerspace observations took place across sixth, seventh, and eighth grade classes in 
October, November, and December of 2016.  
 
 
Table 4.1: Data Collection Timeline 
 Concept Map Activity Focus Group Interview 
Makerspace Teachers October 2016 November 2016 
Content Area Teachers October 2016  December 2016 
Student Group 1 October 2016 November 2016 
Student Group 2 October 2016 November 2016 
Student Group 3 October 2016 December 2016 
Student Group 4 October 2016 November 2016 
Student Group 5 October 2016 November 2016 
 
 
Population. Three makerspace teachers, four content area teachers (representing 
math, science, social studies, and English language arts), and sixteen eighth grade 
students participated in concept map activities and focus group interviews designed to 
explore the contributions of a dedicated makerspace on teaching and learning in a 
designated middle school makerspace.  For student participants, findings are reported by 
the group in which the concept map and focus group activities were completed in order to 
encourage sharing of information and protect the identities of study participants. Teacher 
groups are represented as “makerspace teacher group” and “content area teacher group.”  
Student groups are identified by numbers as “student group one” through “student group 
five.” 
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Makerspace teacher population. Three teachers represented the makerspace 
teacher group. Two of the makerspace teachers have been teaching for more than 10 
years and have been working in the makerspace since the doors opened in 2013. The 
third teacher was a long-term substitute teacher who had been teaching in the makerspace 
for approximately three months. Each of the teachers in this group holds a master’s 
degree in an educationally relevant area. All three makerspace teachers were present for 
the concept map activity and the focus group interview.  
Content area teacher population. Four teachers represented the content areas of 
math, science, social studies, and English language arts. All teachers in this group have 
been teaching at the middle school for 4 years. These four teachers were not teaching in 
the school prior to the opening of the dedicated makerspace. All four teachers were 
present for the concept map activity conducted in October 2016. One teacher was unable 
to attend the focus group interview scheduled in November 2016. In an attempt to include 
all content area participants, the focus group interview was rescheduled for a date in 
December 2016 that was conducive to the schedule of all group participants.  
Student population. Sixteen eighth grade students participated in the concept map 
activity and focus group interviews. Eighth grade students participate in the makerspace 
during 1st and 8th periods of the school day. Student participants were randomly assigned 
to groups. Of the five groups, there were four groups of three participants and one group 
of four. Four of the groups represented students who had participated in the makerspace 
over the course of three consecutive years representing their 6th-8th grade years. One 
group was comprised of three students who had not participated in the makerspace from 
6th-8th grade. One student from this group transferred into the school during seventh 
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grade, while the other two students’ experiences began at the beginning of their eighth 
grade year. The inclusion of students who had not participated in the makerspace over the 
course of three consecutive years was unplanned in the initial study plan. Inclusion of this 
group was permitted in order to increase the number of student participants in this study. 
Although unplanned, inclusion of this group proved to provide valuable information to 
the study results.  
 
Research Questions  
The central question presented in this study was as follows: 
How do middle school teachers and students describe the contribution of a 
dedicated makerspace on teaching and learning?  
The study’s central question was broken down into two sub-questions designed to 
isolate the teacher and student perception of the makerspace. 
Sub-questions: 
1. How do middle school teachers describe the contribution of a dedicated 
makerspace on teaching and learning? 
2. How do eighth grade middle school students describe the contribution of a 
dedicated middle school makerspace on teaching and learning? 
 
Findings 
	
The makerspace teacher group, content area teacher group, and five student 
groups provided a unique perspective into the makerspace. Reviewing the data, the 
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researcher noticed that there were four consistent topics discussed by the participant 
groups. Findings are reported as themes reflecting the major topics shared across the 
three participant groups. Figure 4.2 highlights the four themes of learning environment, 
technology, creativity, and habits of mind presented in the findings section of this 
chapter. As findings, the themes are discussed individually. In the interpretations section 
of this chapter, the individual themes of learning environment, technology, creativity, and 
habits of mind are discussed as a systematic whole, shedding light on the combined 
contributions of the themes when taken together.  
 
 
 
Figure 4.2: Identified Common Themes 
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Theme One: Learning Environment 
The makerspace is a self-contained area of learning that houses art, computer 
science, and technology education which provides a unique physical environment for 
teaching and learning. The entrance of the hall housing the makerspace has been 
designed to set the tone of the space with color and flare. The doors opening into the 
hallway have been painted a bright blue. Hanging over the doors is a rainbow-colored 
sign identifying the makerspace. Down the hall, doors to each room have been painted in 
a bright color and the walls have been lined with pictures and words reflecting 
technology, design, and the act of creating.  
Within the learning environment, the sub-themes of encouraging active learning 
and being student centered and future oriented emerged. For the purposes of this study, 
active learning encompasses both the ability to move around in the learning environment 
and project-centered, hands-on activities designed for learning. When coding data within 
this theme comments such as “hands on,” “making,” “moving around,” and “project 
based” were included. When coding for student centered, comments indicating student 
choice, student freedom, and student focus were highlighted. When coding for future 
orientation, comments reflecting future jobs, careers, high school course planning, and 
college planning were included. Figure 4.3 illustrates the three learning environment sub-
themes and corresponding theme identifiers.   
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Figure 4.3: Learning Environment Sub-Themes 
 
 
Makerspace teacher group.  
Makerspace teacher concept map data. The concept map completed by the 
makerspace teachers shows recognition of both active learning and the student-centered 
nature of the makerspace but lacks direct recognition of being future oriented.  Coded as 
active learning in the makerspace teacher map were “hands on” and “making.” Coded as 
student centered were “involved all kids” and “memory making.” “Memory making” was 
included in this theme as the researcher felt the comment reflected the makerspace 
teachers’ focus on ensuring that the space left a lasting impact on the students moving 
through the makerspace.  
Makerspace teacher focus group data. The makerspace teachers described the 
active nature of the makerspace during the focus group interview. For the purposes of 
this study, active learning encompasses hands-on learning, project-based learning, and 
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opportunities for movement. A teacher from this group shared a memory of a student 
who benefited from the active nature of the makerspace, 
This is more of a story than an answer to your question but it might in a 
roundabout way answer your question. I’ve seen kids struggle in core areas 
succeed in our classes because of the hands on activities that we are doing. They 
can be up out of their seats working and they don’t necessarily have to be sitting 
at their desk the whole time because they’ve got to be up moving around getting 
their materials, doing things with the other kids in teams often times. So, that 
interaction with just being up moving around I think often times helps them out. I 
know that there is a kid that I had a few years ago that struggled, every day that he 
was in the makerspace he was working even though he was failing many of his 
other classes. Even his work that he was doing in here his grades were coming up 
slowly in other areas which was kinda cool too [sic]. I think the engagement that 
he had here helped him in other classes.  
 
The student-centered nature of the makerspace flows through many of the 
comments and stories told by the makerspace teachers. When asked the teachers were 
asked about what the intended role of students in the makerspace, one teacher’s response 
highlighted the freedom of choice that students experience. The teacher stated,  
It’s a freedom of choice down here, it’s one of the first things I realized, was the 
makerspace it’s so student driven. I don’t know for a fact but other classes might 
be the teacher has a very concrete curriculum structure that they want to do the 
class and monitor the class but here we are given the freedom of creativity and to 
actually take their [students’] ideas and build and design and make them [sic]. 
 
When asked what the role of the teacher was in the makerspace, another teacher from the 
group pointed out the connection between the freedom students are provided and the 
ability to be creative,  
Yeah, I think “facilitator” is the best word to use for it too. I just give a couple 
little key things and then let them [students] be creative and innovative on their 
own. It helps to individualize their learning also, then they take their topics in 
whatever interests them, and whatever they need to work on we can tailor their 
skills to them individually.  
 
70	
	
When asked how the makerspace was the same or different from other learning 
environments in the building, the student-centered and project-based nature of the 
environment emerged with this comment: 
I would assume that we’re very student centered on them [students] creating 
projects as opposed to taking tests. I’m just assuming they [students] take tests in 
other classes. Sure, we have a handful here [in the makerspace] too but that’s not 
the focus. Their [students’] focus is their project and making, as opposed to a 
teacher-centered environment taking tests.   
 
An emotionally rich and profound exchange took place as two makerspace teachers 
discussed the benefits of teaching and learning in the makerspace: 
Teacher 1: It’s not me, it’s the kids. 
 
Teacher 2: It’s designing around their [students’] creativities. The teacher still 
does come up with projects and ideas for the students but we give them the 
freedom of how it looks at the end. For the soap box for example, I tell them some 
constraints and we get through the design process of asking questions and 
brainstorming and imagining, planning but I give them [students] that freedom to 
make it however they want, and I think that kind of intrigues them in a way. The 
benefits of that is just letting them take the wheel and just act as a facilitator. I 
think that’s the most evident example of a benefit of teaching [in the] makerspace.  
 
When asked how teaching in the makerspace compared to other teaching environments 
the teachers had taught in, one of the teachers provided this comment describing the 
individualism that students are provided in the makerspace: 
I've loved my time teaching here at the makerspace because my thing is 
technology and so being able to have the resources to utilize tons of different 
kinds of technology for me I've enjoyed. Again, it's like the focus is not on me, 
I'm not standing in front of the room for half of the class and then giving the kids 
a book to read out of and then all creating the same documents or whatever, and 
reading through a bunch of papers that look exactly the same. I'm letting them 
have their own creativity and individualism. For me, I've enjoyed that aspect of it, 
of being more of a facilitator, for a few minutes maybe guiding them, their 
direction that they need to go, and then letting them have the ability to use the 
class going the direction that they want [sic]. 
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The comment shared by this teacher reiterates the focus on student freedom but also 
highlights the interconnectedness of the technology, learning environment, and creativity 
themes.  
Content area teacher group. 
Content area teacher concept map data. The concept map completed by the 
content area teachers illustrates the sub-themes of active learning with the inclusion of 
“building,” “tools,” “code,” and “videos” and of the student-centered nature of the 
makerspace with the inclusion of “accessible to all students.”  The perception of active 
learning and being student centered is elaborated upon throughout the focus group 
interview.  
Content area teacher focus group data. The perception of an active learning 
environment runs throughout the conversations shared between the researcher and 
content area teacher focus group participants. The perception that the makerspace 
provides an environment where hands-on activities occur can be seen in an initial 
response from one of the teachers form the content area group when the researcher 
inquired into the perceived purpose of the makerspace: 
I would say it’s to get students involved in problem solving, ideas, and making… 
different than a regular class where you sit and, like a lecture, or something, but 
just give them hands-on things, and also teach them how to use different types of 
technology. 
 
Another teacher from this group built upon the initial teacher’s response by highlighting 
the project nature of the makerspace: 
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A class designed specifically that there’s going to be an end product. In the 
makerspace, what is it like, their commercials and the candy that they make, and 
the things like that. They go through the whole process of, ‘This is how you 
design the wrapper. This is how you design molds. This is how you use a 3D 
printer, and the things of that nature.’ Like Jamie [pseudonym for confidentiality] 
said, all hands-on, using that type of technology upon that maker event that is 
sweeping the nation. 
 
When the teachers were asked a question about what types of activities students are 
engaging in within the makerspace, the project-based learning component of the active 
learning sub-theme was reiterated, “Yeah, I’m not sure. I do know it’s mostly project 
based learning. I know that what they do down there is they create things.”  
The perception of the makerspace as being student-centered can also be seen in 
conversations shared by the content area teachers. When asked how the learning 
environment of the makerspace was the same or different form other learning 
environments in the middle school, one content area teacher stated,  
I am assuming all of us, or most of the teachers in the middle school …you try to 
make as much student-centered activities as possible when appropriate. I do feel 
like one of the main goals of the makerspace is to be a student-centered place. 
Does that make sense? Or an atmosphere? I don’t want to say it’s less structured, 
because people tend to think that means chaos and chaotic, but what I think it is 
more like…you have so many options of what you can do, and your final project 
can look so different from another groups that it’s...you know what I mean [sic]? 
 
Another teacher from the group summed up their colleague’s statement saying, “Maybe 
it’s like, in our class, we use student-centered projects to support our instruction, where in 
that class [makerspace] the instruction is the student-centered environment,” to which the 
initial teacher enthusiastically agreed and jokingly said the idea had been stolen.  
When asked about the role of the teacher in the makerspace, the content area 
teachers discussed the freedoms that students have to make projects their own and the 
role that makerspace teachers play in learning environment. 
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Teacher 1: I think it’s more of facilitator than anything, really. Of course, there 
has to be some type of instruction, how to use technology and the equipment 
down there, but I think in terms of…my understanding, the design of it is the 
teacher first gives a lesson on how to do it, and then it’s up the kids to decide 
what role, what direction they’re going to take the projects. 
 
Teacher 2: Right. I think the students have more ownership in what, like you 
said, the final product's actually going to be. I don't think I've heard of any of the 
kids actually doing the same thing. When they make a commercial, they do all 
different things. When they... I know when they design the candy bars, for 
example, their logo and things on the candy wrapper can be totally different. I 
know, like in tech ed, they were making those... I forget what grade. They may be 
7th grade or something. They were making those little cars that went down the 
ramps, and they were testing different things like air dynamics just to see which 
car was the fastest and things like that. I think it was up to the kids to make their 
own designs and execute it, obviously with the guidance and the expertise of the 
teachers, like you said, in terms of how to use the equipment and things like that, 
and the requirements of the projects. As far as how it was done and the details, I 
think that's up to the kids. 
 
Teacher 3: Yeah, it's more like the teacher is there as an encouraging role, as in 
here's all these resources and then they just encourage them to use them in 
different ways in their own setting.  
 
Continuing the discussion on the differences between the makerspace and content area 
learning environments, a final content area teacher comment highlights freedoms the 
makerspace provides to both teachers and students, saying, “Yeah, whatever the kids… if 
they find something they’re interested in, they can just go and explore that, which is 
nice.” 
Student group data.  
Student concept map data. Explicit descriptions of the learning environment were 
found in one of the concept maps completed by the student groups. The map completed 
by student group two contains the phrases “hands on” and “not just learning from books.” 
The phrase “hands on,” indicates that students are actively engaged in learning in a 
manner that requires them to use their hands to engage in a task. “Not just learning from 
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books” would also indicate that students are doing something other than reading material 
to obtain information. Although not explicitly stated in the other four student groups, 
student groups one, four, and five contain references to activities that require a level of 
active engagement for completion, thus implicitly indicating an active learning 
environment (Table 4.2). One of the student group maps reflects the ability to express 
emotions, self, personality, and thoughts.  
 
 
Table 4.2: Student Concept Map References to Active Learning 
Student Group  Explicit Reference  Implicit Reference 
Student Group One  Spot Welding 
Glass Making 
Painting 
Color Mixing 
Pottery 
Videos / Commercials 
Robotics 
Programming 
Student Group Two Hands On 
Not Just Learning From 
Books 
Welding 
Videos/Visuals 
Student Group Four  Drawing 
Painting 
Sculpting 
Coding 
Robots 
Student Group Five  Coding  
Programming 
Make Fun Stuff 
 
 
Student focus group data. The focus group interviews showed greater references 
to hands-on learning activities. A dialogue between three students from student group 
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three provide an example of a conversation that took place as students answered the 
question, “How does learning take place in the makerspace?” 
Student 1: You’re not really learning out of a book, you’re being allowed to 
actually do something. Not just put it on paper, but create something that…I don’t 
know how to put this. 
 
Student 2: Like hands on? 
 
Student 1: Yeah, like hands on. 
 
Answering the same question in another session, a student from student group two 
provided another example of the hands-on nature of the makerspace,  
It’s more hands on than anything because we are always doing something. When 
we’re up in the core classes, like reading, we’re usually just writing or on our 
iPads. It’s not really like we’re doing something with our hands. I mean we’re 
doing something with our hands, but, like in Art, we do a lot with clay and paints 
and things, and in Tech ED it’s more like building things, and in Computers 
you’re more on the computers and building things. 
 
A student from student group three echoes the sediment of differences between 
the makerspace and core classes when providing an example of how technology is used 
with different purposes in the core classes and makerspace,  
Even though we use so much technology on computers and printing and 
everything else, it still seems more in the makerspace than in other classes. The 
core classes are mostly all book-based and reading out of a book and writing on 
paper.  
 
When asked how students demonstrate their acquired knowledge and skills, a 
student from student group five highlights the connection between “hands on” learning 
and movement stating, “It’s a lot of hands on activity. We do a lot of things. We’re not 
sitting in a desk. We’re actually getting up and moving around, moving pieces together. 
Making something that’s gonna [sic] turn out awesome.” In addition to providing an 
example of “hands on” learning the statement opens the door to the implicit theme of 
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engagement that can be felt when the student says, “Making something that’s gonna [sic] 
turn out awesome.” 
The ability to make projects their own reflects the freedom that students are 
provided in the student-centered sub-theme of the learning environment. Throughout the 
student focus group interviews students provided examples of the different ways that they 
have freedom to explore and create. When asked, How students learn in the makerspace, 
dialogue between two students from student group one provides a snap shot into the 
freedoms of the learning experience, 
Student 1: It is mainly by demonstration, so they’ll [teachers] show us something 
in a week and we go do it ourselves. So kinda [sic] taking examples and doing it 
our own way.  
 
Student 2: And then there are certain projects where they [teachers] just give us 
like directions and we kind of just go on our own and they let us explore and do 
what we want. 
 
Although students are provided the freedom to individualize projects and make 
the projects their own, the desire for increased freedoms was expressed by multiple 
student groups. When students were asked what they did not like about the makerspace, 
the desire for more freedom was shared by students in student group one: 
Well in the makerspace you cannot choose which of the classes you have. So if 
you’re really big into computers but you aren’t the biggest fan of art, you still 
have to take art and you still have to learn how to paint and do pottery and all. 
And you don’t really…you don’t get to choose it you’re going to have a painting 
part of it, you have to choose what you’re painting. You have the freedom of what 
you’re doing but you don’t have freedom of what the project is. 
 
Another student from student group one added to the comment, saying, 
I would just give them more freedom for what they want to do, like what classes 
they want to do, what projects they want to do, just cuz [sic] I feel like that can 
make more unique projects. 
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A student from group five shared the same desire for increased freedom: 
I think they should give you more of a choice on what to do. They usually just 
give you a project to do. The project I’m doing right now in computers, I’m not 
really interested in. I think they should just give you a little more choice of the 
project. 
 
The student participants in this study made many references to future applications 
of the skills that they were acquiring in the makerspace. References to the future included 
statements pertaining to high school and college, jobs and careers, and life in general. 
When asked about the purpose of the makerspace, a student from student group three 
provided this thought: 
On top of that [technology and creativity], it also teaches you to use common 
skills that you might need later. Some of the skills that they are teaching 
you…say, take for example, Tech Ed, with the wood working we do, with the 
metal work we do, it might prepare you for a more blue-collar job or possibly 
business running. 
 
This student later shared that the technological focus of the makerspace takes away from 
the potential for hands-on activities and career potential, stating, 
Throughout the makerspace, technology is obviously a very prominent part of 
makerspace. What would be better for us and the students and everything would 
be to work with your hands more. Everything now is based off of 3D printing and 
laser printing. Building things with your hands and working more would 
eventually pay off more in the aspect of a job. 
 
A reference shared from a participant in student group one, which was similarly 
correlated to the technology theme, proves relevant to the future orientation sub-theme as 
well: 
The makerspace is pretty much preparing us for high school and pretty much the 
world where technology pretty much is going to take over the world, 
metaphorically, but that’s really what the makerspace is. It’s teaching us to use 
things that we might have to use in jobs whenever we grow up.  
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A student from student group two provides another example of being exposed to and 
learning skills for the future when asked, “What do you like about the makerspace?” 
I guess you get a variety of things to learn, again, like other schools don’t have. 
It’s different than core classes because they’re just teaching you what you have to 
know for high school. But the makerspace is more like here’s some skills and if 
you like them you can major in them later in life and just getting you out there.  
 
A comment made by a student from student group one indicated that exposure to 
technology and creating provide skills for the future, “I feel like I learned a lot more 
about technology and creating things from there, and that will help me in the future, what 
I’ve learned from there will help me.” 
Researcher observations of the learning environment. While observing in the 
makerspace, the researcher witnessed a student-centered learning environment infused 
with movement, freedom, and choice. Across the three areas of art, computer science, and 
technological education, students were engaging in independent research and activity. 
Common throughout the makerspace, teachers provided initial instructions and guidelines 
for the class and students were given the remainder of the time to actively work on what 
they needed to do. Students were provided the opportunity to engage with peers and 
teachers in order to receive feedback and input on their work.  
Theme Two: Technology 
Makerspace teachers, content area teachers, and eighth grade students described 
the central role that technology plays in the makerspace. The makerspace teacher group 
described the opportunities that technology provides in terms of exposure, project 
diversity, independent learning experiences, and individual student creativity. Student 
references to technology ranged from being the primary focus of the makerspace, to 
providing opportunities for creativity, as being programs or activities completed using 
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technology, and as an avenue to developing skills for future careers. In contrast to the 
makerspace teacher group and student groups, content area teachers spent time 
highlighting projects that students completed through participation in the makerspace. 
The content area teachers shared ways that technology and making extends out from the 
makerspace into the school and district, and how increased knowledge of technology has 
positively impacted content area classrooms and the building.  
 
 
 
Figure 4.4: Teacher Concept Map Technology References 
 
 
Makerspace teacher group.  
Makerspace teacher concept map data. The makerspace teacher group’s concept 
map provided a global perspective of the potentials and outcomes of the makerspace. The 
concept map completed by this group includes “technology” and “21st Century 
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technology” but does not provide examples of technologies used in the space or specific 
projects that utilized technology.  
Makerspace teacher focus group data. Opposite the concept map data, focus 
group interview data shows that the makerspace group of teachers considers technology 
to be vital to the space. From the perspective of makerspace teachers, technology opens 
doors for a greater range of project ideas and experiences for students. Students and 
teachers alike mentioned that the makerspace grows each year with the addition of 
something new. One of the makerspace teachers shared, 
I have enjoyed the access to the technology. There were so many times I had 
ideas, wanted to do something and had no access, no printer in my room to do 
this, or no 3D printer, no vinyl cutter. I mean the more access we have to 
technology, the better. 
 
Another teacher from this group described how technology and creativity come together 
to support learning within the makerspace and beyond: 
I think the purpose would be for the students to have a creative place to utilize 
technology which can enhance their core curriculums like math and language arts 
so they get to learn using the technologies here that will enhance in other areas 
and help grow some of the test scores in a fun way. 
 
When discussing how students move from project ideation to project completion, a 
teacher from this group shared the role that technology plays in the process: 
The ability of all kids having iPads, and the amount of computers that we have in 
the makerspace, they have a lot of the technologies that can help guide them from 
one topic into another to build that scaffold or build the project. The technology 
plays a key role too I think. 
 
Content area teacher group. 
Content area teacher concept map data. The concept map completed by the 
content area teacher group displayed specific references to technology with the majority 
of references connected to the Computers class that students take in the makerspace. 
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References included “robots,” “code,” “green screen,” and “videos.” Connected to 
Technological Education, content area teachers referenced “3D printer.”  
Content area teacher focus group interview data. The focus group interview 
conducted with the content area teachers painted a picture of the different ways that the 
makerspace and technology are extended into content areas, the building, and the district. 
This group of teachers shared more about the projects that the students had done than 
either the student groups or makerspace teacher group. Teachers in this group shared that 
the use of technology for projects in content areas and throughout the school has 
increased since the initial year of the makerspace. One of the teachers from this group 
provided insight into how the makerspace has impacted their personal perceptions of 
technology use as a means for showing knowledge: 
I’ll be honest. When I first heard about the makerspace, I was kind of confused 
and thought to myself, ‘The kids are going to make things, that’s awesome. So 
what? I can shave some wood and I can hit a button that says ‘go’, and it can print 
this awesome 3D thing. Did I design it? Not really.’ The more and more that I’ve 
gone down and covered these classes and talked to the teachers there, there is a lot 
of skill these students learn. My perception has changed dramatically throughout 
the years, where originally in my first year of teaching, like if a student asked me, 
‘Can I 3D print something for this project?’ I would be hesitant about it, like, 
‘What does that really show me that you learned?’ ‘How is that history related?’ 
Now with these students, […] I am completely fine with it. 
 
This same teacher went on to share how students incorporated technology into a class 
project: 
Going off what both of you [other teachers] said, for example I just did a project 
this past week, and then two weeks ago ... started it, but I said to the students that 
you guys can go pretty much any direction you want to. I know why kids use the 
Tinkercad platform that I'm not very familiar with. I got trained on it one day, but 
the kids went with it, you know what I mean? 
 
The comments from this teacher provide examples of how individual acceptance and 
utilization of technology has grown. Although these comments reflect the views of one 
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teacher in the group, descriptive count data collected shows that other teachers in the 
group shared agreement and positive regard for what was said. Further evidence of the 
reach that the makerspace and technology has had on the building was shared by one of 
the teachers describing students in their homeroom who were working on a door 
decorating contest: 
As these kids get older, and as we stay longer as teachers, you see the creativity of 
these kids and their ability to use more programs that I'm not familiar with. I think 
we all could agree that we're not... we kind of know what they are, but the kids are 
experts at them. That keeps going and going and going, and their skills just 
increase and increase and increase. Like you said, they want to program LED 
lights for your door. That's awesome. Would I know how to do that? Absolutely 
not. 
 
In addition to pointing out how students are using their technology skills outside of the 
makerspace, this quote calls attention to the connection between technology and 
creativity. Another teacher from this group provided an example of how a makerspace 
project incorporated technology in a way that connects middle school students to 
elementary students, thus extending the reach of the makerspace beyond the borders of 
the physical space: 
I am going to show this project off, because I love it. They do this project where 
they make these bunnies. The elementary school kids draw a little animal or 
figure, and then they make them in threads, like sew them and stuff. In Computers 
they put a little sound chip that says their name in it so when you squeeze it, it 
makes a noise. Love that project, really cute.  
 
The stories told by the content area teacher group provided an onlooker’s 
perspective into how technology skills learned in the makerspace influence the building 
at large. They illustrated how individual perceptions of technology have changed over 
time, how technology can be used as a tool to enhance creativity, how technology can 
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facilitate collaboration, and how technology can influence engagement in school 
activities.  
Student group data.  
Student group concept map data. Five student groups participated in the concept 
map activity. Frequent mention of technology is evident in the majority of the concept 
maps completed by this participant group (Figure 4.5). Figure 4.6 provides an example of 
a technology-rich student concept map. Concept map data shows that the student groups 
referenced technology more often in their maps than the makerspace teacher group and 
content area teacher group.  
 
 
 
Figure 4.5: Student Concept Map Technology References 
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Deeper analysis shows that students are exposed to a variety of technologies that 
include additive tools (3D printer) and subtractive tools (laser cutter), coding programs, 
and design and editing programs (Figure 4.7). Student concept map data primarily 
reflects technology in the form of programs, tools, and activities whereas student focus 
group data indicates a connection to skills and future applications in the form of careers, 
jobs, or hobbies.  
 
 
 
Figure 4.6: Example Student Concept Map 
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Figure 4.7: Technology Reflected in Student Concept Maps 
 
 
Student focus group interview data. Focus group interview data built upon data 
obtained from the concept maps. Information regarding the activities, programs, and tools 
of technology are confirmed and built upon, revealing the impacts of technology on 
student learners. The most common benefit of exposure to the technologies mentioned 
throughout the student interviews was the impact that knowledge of technology would 
provide for their future. When asked to describe the makerspace to someone who had 
never visited it before, a participant from student group one provided these thoughts: 
The makerspace is pretty much preparing us for high school and pretty much the 
world where technology pretty much is going to take over the world, 
metaphorically, but that’s really what the makerspace is. It’s teaching us to use 
things that we might have to use in jobs whenever we grow up.  
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When asked how the different areas of art, computers, and technological 
education were connected, technology emerged as the thread that wove the three together. 
A student from student group three stated, “technology really brings it together,” while a 
participant from student group four stated, “they all have different types of technology” 
and “they all have 3D printers.” Student group one tied the area together with mention of 
specific technologies used in shared makerspace projects, stating,  
Every year there is one project that flows from class to class. So this year it was a  
soap project. In Art, we made clay shapes of them, and then in Tech-Ed we made  
molds out of the 3D printer, and then in Computers we made commercials. 
 
Responses to a question regarding the impact that participation in the makerspace 
has had on their learning further supported the connection between technology and future 
opportunities. A participant from student group one shared, “I feel like I learned a lot 
more about technology and creating things from there, and that will help me in the future. 
What I’ve learned from there will help me.” 
Researcher technology observations. Observations completed by the researcher 
confirmed the use of multiple technologies in the daily learning experiences that students 
encountered in the makerspace. 3D printers were in use in both the art and computer 
science classes, a vinyl printer was used in the art class, and laptops were utilized in the 
technical education class as students used the design program Inkscape. In addition to 
class specific technologies, student technology use ranged from using iPads for coding, 
searching the Internet for images to sketch, taking pictures of completed assignments to 
submit to teachers, and for utilizing apps to edit images and make movies.  
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Theme Three: Creativity 
The connection between the makerspace and creativity was evident across the 
makerspace teacher group, content area teacher group, and the five student groups. 
Although strong across the groups, the researcher debated on whether or not creativity 
should be included as a sub-theme of the learning environment or an independent theme. 
As many of the comments made by study participants regarding creativity also referenced 
the student-centered nature of the makerspace environment, the researcher initially felt 
that creativity should fall under the learning environment theme. Ultimately, the 
researcher felt that the number of references of “creativity,” “create,” and “creative” were 
extensive enough to include creativity as an independent theme (Figure 4.8).  
 
 
 
Figure 4.8: Creativity, Creative, and Create References 
 
 
 
88	
	
Makerspace teacher group.  
Makerspace teacher concept map data. The concept map completed by the 
makerspace teachers contains three items coded for creativity: “creative,” “flow,” and 
“innovation.” 
Makerspace teacher focus group data. Many of the makerspace teacher 
references connected creativity to the student-centered nature of the learning 
environment. When asked how the teachers would describe the makerspace to someone 
who has never heard of it before, one of the teachers described the makerspace as “a 
collaborative way to introduce the design process to creating products, and marketing and 
selling.” In response to a question about the role of students in the makerspace, one of the 
teachers from the group provided this thought: “Learn. Learn to be creative, learn to be 
innovative, and make things, learn the design process.” The value placed upon creativity 
is further emphasized by a statement made by a makerspace teacher when asked how 
learning is assessed. The teacher responded, “I have a rubric, mine is all project based. I 
don’t do test and quizzes, but I look for craftsmanship, creativity, and the whole gamut.”  
When discussing the benefits of teaching in the makerspace, one of the 
makerspace teachers reinforced the focus on development of creativity when describing 
how student creativity drives student projects: 
It’s designing lessons around their [student] creativities. The teachers still do 
come up with projects and ideas for the students but we give them the freedom of 
how it looks at the end. For the soapbox for example, I tell them some constraints 
and we get through the design process of asking questions and brainstorming and 
imagining, planning but I give them that freedom to make it however they want, 
and I think that kind of intrigues and engages them in that way. The benefit of that 
is just letting them take the wheel and I just act as a facilitator. I think that’s the 
most evident example of a benefit of teaching in the makerspace.  
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Moving from the benefits of teaching in the makerspace, the makerspace teachers 
were asked, “What are the limitations of the makerspace?” Responses to this question 
reveal that makerspace teachers feel the purpose of the makerspace has shifted over time. 
One teacher stated, “It’s less freedom the longer we go through the process, more and 
more is, you’re doing this and not like flexibility in what we… (pause) it’s no longer 
driven by creativity.” Continuing this conversation, the teachers agreed that the program 
has become more product driven. When asked how things could look different if they 
could change something, one teacher replied, “Engaging students interests and really 
allowing them more flexibility and stop pushing products.” Another replied, “Yeah, it is 
becoming pretty product driven this past year or so, maybe a little more than that, as 
opposed to what the kids are getting out of it. It’s still about the kids.”  
In ending the focus group interview, the makerspace teachers were asked if there 
was one thing that was most important, that they would hope the students would take 
with them after three years in the makerspace. One of the makerspace teachers shared the 
following hope for the students: “That they can be creative, that they can be innovative in 
different ways then what they could assume, they can come up with their own ideas 
without being prompted.” 
90	
	
 
Figure 4.9: Makerspace Teacher Concept Map 
 
 
Content area teacher group. 
Content area teacher concept map data. The concept map completed by the 
content area teachers includes “creativity” but offers no other comments coded for 
creativity. This map includes the word “design” which could indicate a connection to 
creativity. 
91	
	
Content area teacher focus group data. Content area teachers share the 
perception that creativity is more obtainable in the makerspace than in the content areas. 
One teacher from this group explains,  
I think it’s nice for the students and the teachers in that environment that they’re 
not tested subjects, not that that is dictating or driving anything, but we have 
things we have to get to. We have things we have to accomplish. We have content 
standards we have to meet. Since they don’t, I feel it’s that nice…where you said 
it’s student centered, and it’s student driven. They can make-up…not that they 
can just do whatever they want, but it’s within these parameters. They can go in 
any direction they want. They have the freedom to be creative, where I feel our 
creativity is very limited… 
 
The content area teachers also expressed a lack of carry over in creativity from the 
makerspace to content areas. When discussing how the makerspace professionally 
impacted teaching in their classroom, one teacher reflected,  
When I think of how it affects me professionally in my own classroom as a 
[content area] teacher, I wish that …I don’t know if it’s the age of the kids or 
what, but I wish it [the makerspace] was more impactful when it came to…I 
really try to get my kids to think critically about things and to be creative in a way 
that’s like, Make a prediction, What do you think? That hasn’t translated for me 
yet, I don’t think. I don’t know if it’s…they’re being super creative down in the 
makerspace, but I feel like they have a hard time being creative for me in that 
way. That’s how creativity looks in my room. I don’t think like…I don’t know if 
it’s a skill that, as a young adolescent they just don’t have yet, or it’s something 
that needs to be taught explicitly to them to transfer that skill that they have in the 
makerspace to my class. Being creative isn’t just modeling clay, you know what I 
mean? Being creative can be like…if I charge you with the task of thinking 
critically about a concept and how things would change if I changed this factor, 
they can’t take it that far. They don’t take it a step further. 
 
Another teacher from the content area group agreed with their colleague’s statement and 
added,  
I feel the same way, because if they have a weird…if I give them a problem to 
solve, I don’t think it translates. Problem-solving can be very close to creativity. It 
doesn’t always translate into, How can you solve this problem? They don’t see it 
as the same thing, but sometimes it is. 
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At the same time that the content area teachers express a lack of creative thinking 
in their classes, they also report increased creativity with the use of technology to 
complete projects assigned in their classes. One teacher responded, 
I’m thinking more like when I assigned a project this year, I’m totally in 
agreement with what you are saying because I had kids that were like, “Can I do 
this in front of a green screen? Can I do this?” That project turned out to be super 
creative. 
 
This feeling was confirmed by another teacher saying, “I can attest to this, and I can even 
prove things on my laptop to show one year I got PowerPoint projects. Now I get these 
3D-designed works of art that is like, ‘These are amazing.’” 
Student group data.  
Student concept map data. Analysis of the student concept maps show that the 
majority of student groups mention creativity in their maps. Of the completed maps, each 
shows a varying degree of complexity and creativity. Figure 4.10 provides an example of 
a map that places a great deal of emphasis on creativity and self-expression. This map 
makes connections between different components of the makerspace. Figure 4.11 
provides an example of a map that mentions creativity as a component of the makerspace 
but shows little creativity in map content or design.  
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Figure 4.10: Completed Student Group Concept Map 
 
 
 
 
Figure 4.11: Completed Student Group Concept Map 
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Student focus group data. All of the student groups mentioned creativity or 
creating in the focus group interviews. From the student perspective, the makerspace 
provides a place where students can create things, express their individual creativity, and 
express emotions. When asked to describe the makerspace to someone who had never 
heard of it before, a student from student group four described the makerspace in a way 
that brings the space to life, stating, “A place for your creativity to let loose. You can 
dream whatever you want and make it so, that’s why it’s called the [proprietary name 
redacted], because you can dream whatever you want and make it.”  
Students from group five who had not had the full three-year experience in the 
makerspace reinforced the opportunities that the makerspace provided for creativity and 
self-expression. When asked how they would describe the makerspace to someone who 
had never heard of it before a student from this group replied,  
You can really express your creativity and your imagination through the 
makerspace. When I came to school last year, I didn’t even know what the 
makerspace was and I actually got to express some things that I didn’t express 
before. 
 
When asked what they liked about the makerspace, a student from this group 
shared, “I like how you just get to express what you learned and what you know, but you 
also get to express your creativity and who you are in the projects that you are turning 
in.” The clear contributions of the makerspace on the experiences of the new students in 
the program is further evident in a comment shared when the students were asked what 
impact the makerspace had had on them, 
I think it lets us be so creative. We can express ourselves more in objects and then 
keeping it inside. It just lets us take our minds away from the actual problem and 
lets us just put it down into an object, basically. 
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Taking a different direction, a student from student group four connects the tools 
of the makerspace to creativity, stating, “I like how we have 3D printers because you can 
be extremely creative on those 3D printers. They can create things that maybe we haven’t 
seen before.” Another student from student group four added, “There’s a lot of stuff you 
can help your creativity with, like there’s a lot of tools you can use.” When asked how 
participation in the makerspace had impacted their life, another student from student 
group four connected skills learned in the makerspace to content areas, saying, “I have 
become more creative with things like essays and figuring out different problems.”  
Researcher creativity observations. The makerspace is a place meant for 
creativity with its vibrant colors and dedicated entryway designed to draw attention to the 
space. Inside the makerspace, teachers structure classes with a brief set of instructions or 
guidelines for the day. Students were provided the freedom to work on tasks in a manner 
that suited their individual pace and style. Although all students were given the same 
project parameters, the researcher noticed creativity and diversity in the individual 
expression of assigned projects. Walking around the rooms, the researcher observed 
variation in the projects that were being completed, as some students were finishing 
previously assigned projects while others had moved on to current ones. The researcher 
further noted the value of creativity when a makerspace teacher shared a grading rubric 
that utilized “creativity” as a category. 
Theme Four: Habits of Mind 
Makerspace teacher group.  
Makerspace teacher concept map data. The concept map completed by the 
makerspace teacher group contained no references to the habits of mind theme. 
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Makerspace teacher focus group data. 
One makerspace teacher reflected on the significance of students in the 
makerspace learning from failure and mistakes, stating, 
Learn what to do when you fail, just pick up and try again, which I have never 
seen a kid throw a tantrum for not doing something right the first time here. But in 
math class or language arts or science or whatever, I’ve seen kids get upset when 
something doesn’t work the first time. But around these classes they pretty much 
just pick up and try again on their own which is nice. 
 
This statement sheds light on the connection between a failure-positive environment and 
the development of student creativity. When asked about the role of teachers in the 
makerspace, one of the teachers from the group shared another example of how teachers 
provide opportunities for students to grow by doing and failing, stating that the teacher’s 
role is “to facilitate, provide learning experiences and materials and give them [students] 
the freedom to test and fail and to try again, and to really grasp the concepts necessary.” 
This teacher later went on to discuss the importance of independence and planning when 
describing the intended role of the student in the makerspace,  
To develop self-sufficiency and ability to learn how to access the 3D printer from 
the computer and how to just—when they get to the high school they know what 
to do. They know what does what, how do I get from…I know my end product 
needs to be, now how do I get there. I know what I want to make, these are the 
tools I can use to make it. Just to understand all the processes. 
 
The statement was clarified when the teacher added, “When I say have an end in mind I 
don’t mean focus on the product, it’s process over product always, but just to understand 
what materials they need to get their desired results.”  
Content area teacher group. 
Content area teacher concept map data. The habits of mind theme was not 
explicitly reflected in the concept map completed by the content area teacher group. The 
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phrase “highlights ‘other’ skills” alludes to the development of something other than 
academic achievement but the participants did not define what those skills were. Due to 
the ambiguity of the phrase, it could be coded to the habits of mind theme as it 
acknowledges the development of non-traditional academic skills. This is the only item 
coded to the habits of mind theme from this concept map.  
 
 
 
Figure 4.12: Content Area Teacher Concept Map 
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Content area teacher focus group data. Content area teachers perceive the 
makerspace to be a place where students feel free to fail. When discussing the desire for 
greater transfer of creativity and critical thinking into the content areas, one of the 
teachers contributed, “The makerspace is a space where the kids feel safe to make 
mistakes. In school, you’re trained like if you make a mistake…in a traditional school, 
you’re going to lose points. Points will be deducted.” The content area teachers continued 
discussing their perceived lack of skill transfer resulting in a possible cause and solution 
for their perceptions,  
Teacher 1: It almost needs to be our classes…it can’t be such a divide between 
the makerspace and the regular…it shouldn’t feel like it’s two completely 
separate things. Once that stops feeling separate, I think we’ll see more of them 
[students] trying to use the same skills in the regular ed classes. 
 
Teacher 2: That is a good point. There is a divide.  
 
Teacher 1: Yeah, it feels like its own special place.  
 
Teacher 2: Exactly, the makerspace is almost like its own separate building. I’m 
going to the makerspace.  
 
Student group data.  
Student concept map data. The makerspace students expressed a notion of play 
or playfulness in their completed concept maps. In an attempt to consider how to identify 
play at the middle school level, the researcher relied on words generally associated with 
play. In the researcher’s experience, play generally results in a positive emotional 
response and, accordingly, play is generally reported as being fun.  
Students in the student groups generally report that they enjoyed spending time in 
the makerspace which is evidenced by the use of words such as “fun,” “happy,” 
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“inspiring,” and “amazing” found in the completed student concept maps. One group 
included the word “stressful” in their map in reference to one of the makerspace classes.  
	
 
Figure 4.13: Completed Student Group Concept Map 
 
 
Student focus group data. The value of persistence and effort in the makerspace 
are evident in the comments shared by students across the five student groups. A 
participant from student group three explained how the teachers know what students have 
learned, saying,  
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It’s different in classes. I think in ____, they grade in on completeness and 
following the steps and putting it together properly. Then in ____, I think the 
same thing, on completing and doing the right thing, following the steps. It’s not 
based on your artistic ability or your building ability.  
 
When asked how students are graded in the makerspace, two students from student group 
five confirm the importance of effort, stating,  
Student 1: More of your effort, not completely on if it looks good. If you try your 
hardest in there, they'll usually give you a good grade. 
 
Student 2: I don't think it's on trying your hardest. Part of it's like that, but I think 
it's on your creativity. If you were creative about it or if you really tried, you 
would get a good grade. 
 
A dialogue between the researcher and a student from student group three 
provides an example of a situation in which a student preserved through a challenging 
situation. When asked how participation in the makerspace had impacted students, the 
student responded, 
This might sound awkward. I’ve had some bad partners that weren’t great in the 
past with computer projects. I learned independence on working projects, 
realizing that I can’t really…I’m going to get bad partners in projects throughout 
my time in school. I realized that in computer. I think that is going to help me 
because that will happen in work out of college. 
 
Upon hearing the response, the researchers asked the student how they dealt with those 
situations. The student replied, “Programming a robot by yourself isn’t the easiest thing 
to do. I just tried my best and it kind of worked out okay.” 
One student provided an interesting response (“hell no.”) when their group was 
asked if there was anything that they liked about the makerspace and offered little in the 
way of contributions throughout the remainder of the interview. However, when asked at 
the end of the interview what impact(s) the makerspace has had on them as a student and 
person, the same student shared, “I guess it’s taught me to take a different way to do 
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something instead of always doing what everyone else is doing. Do it a different way 
that’s your own way.” 
Researcher habits of mind observations. Observations conducted in the 
makerspace provided an opportunity for the researcher to observe students exhibiting 
failure-positive and collaborative behaviors. Perseverance was witnessed during a coding 
activity as students maneuvered and re-maneuvered a robot through a maze. The 
researcher asked some students who had completed the maze about their experience. One 
student responded, “So happy!” Collaboration was also occurring as students who 
successfully completed the maze worked to help others meet with success, stating, “We 
did it together.” The researcher asked a student struggling to get through the maze about 
their experience; this student shared with a smile that they felt “disappointed when it [the 
robot] runs into the wall” but continued working. On other occasions, students were 
witnessed asking peers for advice, collaborating with each other on ideas, helping each 
other to complete coding tasks, and sharing new discoveries. 
 
Results and Interpretations 
 
This case study explored the contributions of a dedicated makerspace on teaching 
and learning in a Western Pennsylvania middle school. Three makerspace teachers, four 
content area teachers, and 16 eighth-grade students participated in this study. Data 
collection included a concept map activity, focus group interviews, and researcher 
observations.  
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Data collection occurred over a three-month period beginning in October 2016 
and ending in December 2016. Concept map activities were completed with participants 
prior to focus group interviews. Focus group interviews were audio recorded using a 
voice-recording app and then uploaded for transcription. Analysis of all concept maps, 
focus group interviews, and observations were initially coded by hand. NVivo 11 was 
used once initial coding was completed to create visual representations of the coded data.  
Data analysis showed many of the comments made by study participants could be 
coded to more than one theme. To fully understand the contributions of the makerspace, 
contributions should be looked at as part of a systematic whole. Figure 4.14 represents 
the conceptual model developed by the researcher reflecting the interactive nature of the 
identified themes of learning environment, technology, creativity, and habits of mind. 
The inclusion of student engagement and school pride in the researcher’s conceptual 
model of Leadership and the Circle of Teaching and Learning (Figure 4.14) represents 
results and interpretations of the research findings. 
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Figure 4.14: Leadership and the Circle of Teaching and Learning 
 
 
The central research question of this study asked, “How do middle school 
teachers and students describe the contributions of a dedicated makerspace on teaching 
and learning?” The study’s central question was broken down into two sub-questions 
designed to isolate teacher and student perceptions of the makerspace. 
Sub-questions: 
1. How do middle school teachers describe the contributions of a dedicated 
makerspace on teaching and learning? 
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2. How do eighth grade middle school students describe the contribution of a 
dedicated middle school makerspace? 
Answers to the research sub-questions have been broken down by makerspace 
teacher group, content area teacher group, and student group and then organized by the 
themes of learning environment, technology, creativity, and habits of mind presented in 
the findings section of this chapter. The summary section of this chapter weaves together 
information obtained from each of the themes identified in this study; learning 
environment, technology, creativity, and habits of mind as each provided contributions to 
teaching, learning, and each other in the makerspace. 
Results 
Sub-question 1: How do middle school teachers describe the contributions of a 
dedicated makerspace on teaching and learning? 
Makerspace teacher group.  
Theme 1: Learning environment. Makerspace teachers perceived the makerspace 
to be a student-centered learning environment wherein students have the ability to try 
new things and learn new skills. Teachers in this group described themselves as 
facilitators, providing guidance and support to individual student interests and projects. 
The role of teacher as facilitator opens the doors for students to take the reins of 
individual projects, allowing a freedom not always found in content areas where 
adherence to curriculums guided by standardized testing prevail. Makerspace teachers 
highlighted the success of students who otherwise struggled in content areas, indicating 
that the active, hands-on nature of the makerspace provided students alternative ways to 
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shine. Furthermore, teachers from this group perceived the makerspace to be more 
student-centered than content area classes.  
Theme 2: Technology. Vital to the makerspace learning environment was the use 
of technology. Makerspace teachers’ perceptions of technology focused on the potentials 
and outcomes that technology provides. Their vivid accounts emphasized how the use of 
technologies opened doors for students to try new things and make diverse projects. 
Specifically, makerspace teachers focused on how technology increases the range of 
projects able to be offered to students, acts as a tool for student creativity, and provides 
an avenue for transfer of skills from the makerspace to content area classes.  
Theme 3: Creativity. Makerspace teachers reported that one of the major purposes 
of the makerspace is to develop student creativity. Discussion regarding student creativity 
ranged from an intended purpose of the space, as an element of project rubrics, as the 
most important thing students would leave the makerspace with, as a benefit of teaching 
in the makerspace, and as a limitation of the makerspace.  
The makerspace teachers also reported a perceived loss of creativity in production 
and desire a shift back to the makerspace roots. Teachers in the group shared concerns 
regarding the increased focus on final products (results) and felt that forces outside of the 
makerspace influenced the shift. Blikenstein (2013) cautions that focus on the creation of 
products takes away from the learning process involved in creating and designing. 
Although makerspace teachers feel the potential for creativity is not being reached, 
analysis of the learning environment indicates that many factors that promote creativity 
are occurring.  
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Research by Amabile (1983) presents a framework for creativity containing three 
components necessary for creativity to occur: domain-relevant skills, creativity-relevant 
skills, and task motivation. Accounts from the makerspace teacher group, content area 
teacher group, and researcher observations indicate that students are provided 
opportunities to gain the knowledge and technical skills or domain-relevant skills 
necessary for creative production within the makerspace. Development of the knowledge 
and skills necessary to generate creativity in a given environment are important factors in 
helping students move from a state of having creative potential to achieving creative 
potential (Runco, 2004).  
Theme 4: Habits of mind. In the book Worlds of Making: Best Practices for 
Establishing a Makerspace in your School, Fleming (2015) states that “the Maker 
Movement encourages a growth mindset, which tolerates risk and failure and maybe even 
encourages it” (p. 9). Makerspace teachers provide opportunities for a maker mindset and 
creative confidence to grow by celebrating the process of failing and trying as they 
support students in developing self-sufficiency within the makerspace (Kelley & Littman, 
2005). Teachers from this group describe the interaction between acting as a facilitator, 
providing learning experiences, and freedom for students to try and fail.  
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Table 4.3: Makerspace Teacher Contribution of Themes to Teaching and 
Learning 
Makerspace Teacher Themes Theme Contributions of a Makerspace on 
Teaching and Learning  
Learning Environment • Focused on Student Freedom and 
Growth 
• Project-based 
• Hands-on 
• Teacher as Facilitator 
Technology • Positively Impacts Learning 
Environment 
• Increases Range of Products Offered 
• Provides an Avenue for Creativity 
• Bridge to Content Area Classes 
Creativity • Space for Creativity to Flourish 
• Production at Expense of Creativity* 
Habits of Mind • Safe Environment for Students to Fail 
 
 
Content area teacher group.  
Theme 1: Learning Environment. Content area teachers recognized the student-
centered focus of the makerspace. Content area teachers shared the perception that 
teachers in the makerspace act as facilitators for student learning. Teachers from the 
content area group perceive that there is little to no lecture-style style teaching occurring 
in the makerspace as students engage in hands-on, project-based learning. Content area 
teachers also recognized that some students flourish with hands-on learning over “book 
learning” and shared stories of students who struggled academically but found success 
within in the makerspace environment. 
Theme 2: Technology. Content area teachers’ appreciation of technology 
increased over time. Teachers in this group shared stories of students using technologies 
to complete projects in content area classes, school activities, and in conjunction with 
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students from the elementary level. Content area teachers reported that students are using 
technology to complete content area projects and report that technology use has increased 
the level of creativity shown in the completion of projects over time.  
Theme 3: Creativity. The perception that the makerspace provides an environment 
wherein creativity can flourish was evident among the content area teacher group. 
Teachers from this group feel that the makerspace provides more “freedom to be 
creative” due to the fact that it is not a tested subject. A literature review presented by 
Looney (2009) validates the perceived narrowing of instruction and reduction of freedom 
felt by the content area teachers when high-stakes testing is involved in making 
classroom choices as teachers feel pressure to cover tested content over creative 
development.   
Perceptions of having less freedom did not diminish the content area teachers’ 
recognition of or desire for creativity in their classrooms.  Teachers from this group 
reported an increase in technologically creative projects as a result of student 
participation in the makerspace but feel creativity as a skill has not transferred into the 
content areas. The teachers in this group attributed the lack of transfer to students’ 
willingness to take more chances and make mistakes in the makerspace than in content 
area classes. Providing students a safe environment to try, fail, and try again supports the 
development of creative confidence and a maker mindset (Kelley & Littman, 2005; 
Martin, 2015).  
Theme 4: Habits of mind. Content area teachers expressed a desire for an increase 
in cognitive risk taking with students in their classes. Similarly to their input regarding 
creativity, teachers from this group perceived that students feel free to take risks in the 
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makerspace but not in the content areas. Content area teachers would like students to take 
cognitive risks and expressed feeling as if there is a divide between the makerspace and 
content areas when it comes to this skill.  
Another explanation for the lack of skill transfer could be explained by looking at 
the three part definition of maker empowerment present by Ryan, Clapp, Ross, and 
Tishman (2016). In defining maker empowerment, Ryan et al. (2016) indicate a 
connection between sensitivity, inclination, and individual capacity when embarking in 
activities. In maker empowerment, sensitivity is defined as recognizing the opportunity to 
engage in a certain behavior. The lack of skill transfer seen by content area teachers may 
not be due to the perceived divide but to students not recognizing appropriate 
opportunities for creativity and risk taking in content area environments. 
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Table 4.4: Content Area Teacher Theme Contributions to Teaching and Learning 
Content Area Teacher Themes Contribution of a Makerspace on Teaching 
and Learning  
Learning Environment • Student-centered 
• Project-Based 
• Hands-on 
• “All Students” 
Technology • Connects Makerspace to Content Areas, 
Building, and District 
• Avenue for Student Creativity to Shine in 
Content Areas 
Creativity • Flourishes in Makerspace  
• Transfer of Skills Desired but Not 
Strongly Evident in Content Areas 
• Freedom to Explore 
Habits of Mind • Makerspace Provides a Safe Place for 
Students to “Take Risks” 
• Transfer of Skills Desired but Not 
Strongly Evident in Content Areas 
 
 
Makerspace Teacher and Content Area Teacher Summary. Primary evidence of 
the student-centered nature of the makerspace was acquired from analysis of the 
makerspace teacher and content area teacher focus group interviews. Makerspace 
teachers and content area teachers discussed differences between the makerspace 
environment and the environment of the content area classes. Both groups agreed that the 
makerspace is more student-centered and hands-on in nature.  
The makerspace teacher group and content area teacher group mentioned specific 
projects that are connected to the makerspace.  The projects in the makerspace, such as 
creating a wooden lantern and a soap bar and designing a wrapper, utilize technology to 
create an end product. Within the makerspace environment, end products bring projects 
111	
	
to closure and provide teachers with the opportunity to assess learning using project 
rubrics.  
Memories of students who struggled in traditional classroom settings while 
meeting with success in the makerspace surfaced in both the makerspace teacher group 
and content area group. Although the individual reasons for the successes are unknown, 
both teacher groups indicated the active nature of the makerspace as a contributing factor.  
Enveloped within the student-centered environment, analysis of the teacher 
concept maps showed that the makerspace teachers and content area teachers recognize 
that the makerspace provides students an equal playing field on which to learn. Inclusion 
of the phrases “involved all kids” in the makerspace teacher concept map and “accessible 
to all students” in the content area teacher concept map supports focus group interview 
data, which indicates that the makerspace provides an environment wherein success is 
not based on academic level or academic achievement. 
Sub-question 2: How do eighth grade middle school students describe the 
contributions of a dedicated makerspace on teaching and learning? 
Student Group.  
Theme 1: Learning environment. Eighth-grade students’ descriptions of the 
makerspace learning environment emphasized the active nature of the space. Within this 
theme, students shared that makerspace classes provide many opportunities for activity 
and movement as students work to complete projects. When discussing the differences 
between the makerspace and content area classes, students stated that more hands-on 
learning occurs in the makerspace. References to hands-on learning occurred when 
students were discussing how learning takes place in the makerspace, how students show 
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what they know or learned in the makerspace, and when asked what they liked about the 
makerspace.  
Students shared that they enjoyed the freedom that the active, hands-on nature of 
the makerspace provides. With freedom, students have the opportunity to make projects 
their own. From the student perspective, the freedom to choose projects has a greater 
appeal than having the freedom to individualized assigned projects. A reoccurring 
opinion expressed by the student participants was the desire to have more freedom of 
choice in the projects they were working on.  
The eighth-grade students participating in this study primarily represented the 
future orientation sub-theme. One of the five student concept maps included references 
coded to the future orientation sub-theme while three of the five groups referenced the 
sub-theme during focus group interviews.  Items coded to the future orientation sub-
theme represented the idea that skills learned in the makerspace would provide an 
advantage to students in high school, college, or career.  
Theme 2: Technology. The eighth-grade student participants perceived exposure 
to technology to be a primary focus of the makerspace and that these technologies were 
avenues to pursue creativity, means of developing skills for the future, and the thread that 
ties the makerspace together. Student perceptions of technology focused on activities and 
programs used with technology in addition to the development of skills for future 
endeavors. Data analysis indicated that students are engaged in the process of learning 
skills related to the use of technology and understand that they are assessed by the 
completion of end products.  
113	
	
Theme 3: Creativity. The eighth-grade student participants recognized that the 
makerspace is a place for creativity. Completed student concept maps showed varying 
degrees of creativity in their presentations. Three of the five student groups’ completed 
concept maps referenced creativity. All of the student groups referenced creativity or 
creating in the focus group interviews. Anabile’s (1983) framework for creativity calls 
upon the development of domain-relevant skills, creativity-relevant skills, and task 
motivation when referring to the development of individual creativity. Analysis of 
collected data combined with researcher observations indicates that students are provided 
opportunities to develop the technological skills necessary to use multiple forms of 
technology to create projects.  
Along with the development of skills, indicators of task motivation were found in 
the concept maps as students described the makerspace as “fun” and “inspiring.” The 
positive regard shown for the makerspace indicates that students view their time in the 
makerspace with a positive attitude.  According to Anabile’s (1983) framework, positive 
regard indicates high levels of intrinsic motivation and results in greater opportunity for 
creativity. Student freedom of choice in project selection could lead to increases in 
creativity and engagement according to Anabile’s (1983) framework.  
Theme 4: Habits of Mind. Feedback from the student groups adds weight to data 
obtained from the makerspace teacher group showing that students are provided 
opportunities for playful learning, opportunities to build assets and skills, and provided a 
comfortable environment to try new things. 
Student Group Summary. The eighth-grade students provided a multitude of 
thoughts, feelings, likes, and dislikes pertaining to the makerspace in the study. 
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participants proved to be an engaging group who shared an overall positive perception of 
the middle school makerspace. Analysis of the student group concept maps, transcripts of 
the student focus group interviews, and researcher observations reveal the contributions 
that the makerspace of study has had on student perceptions of teaching and learning. 
Table 4.5 outlines contributions of the makerspace on teaching and learning as described 
by the eighth-grade students. 
 
 
Table 4.5: Student Theme Contribution to Teaching and Learning 
Student Group Themes Contribution of a Makerspace on Teaching 
and Learning 
Learning Environment • Hands-On Learning 
• Building, Creating, and Making 
• Engaged Learning 
• Desire for Increased Freedom of Choice 
Technology • Major focus of the Makerspace 
• Provides Skills for the Future 
Creativity  • Provides Environment for Creativity to 
Flourish 
• Allows for Self-Expression 
• Technology is a Tool for Creative 
Expression 
Habits of Mind • Celebrates Effort over Product  
• Individual Achievement 
 
 
Interpretations  
Spending time in the makerspace with study participants allowed the researcher to 
develop an understanding of the space and environment. Over the course of five days 
collecting data and numerous hours reviewing data, the researcher identified the learning 
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environment, technology, creativity, and habits of mind as central themes of the 
makerspace. Rich descriptions of themes were present through the quoted words of study 
participants. What could not be portrayed through the quoted word were the energy and 
feelings tied to the shared stories and descriptions of the makerspace.  
Peering beneath the surface of the learning environment, technology, creativity, 
and habits of mind provided additional insight into the contributions that making has on 
teaching and learning. The makerspace provides an answer to the overarching problem 
statement presented in this study, which sought to describe how education can prepare 
students to thrive in futures yet to be seen. The discussion that follows describes the 
researcher’s perceptions and interpretations of the study findings.  
Leadership. The inception of the makerspace could not have occurred without 
the support of district leadership and community support. Although district and building 
leaders do not play a daily role in the functioning of the makerspace, their support of the 
space ensures that it continues to provide students with dynamic learning experiences. 
Eagley and Carli (2003) describe transformational leadership as “leadership that is future 
oriented rather than present oriented and that strengthens organizations by inspiring 
followers’ commitment and creativity” (p. 815). Leadership within the district of study 
has shown commitment to providing students future-oriented learning experiences by 
offering non-traditional learning spaces such as the middle school makerspace. During 
the researcher’s time in the district, leaders were observed participating in activities 
designed to move students, teachers, leaders, and the district further forward into the 
future of education. District leaders were seen participating in an elementary class visit to 
the middle school makerspace, preparing to attend and present at conferences outside of 
116	
	
the district, and finalizing and preparing for the opening of the redesigned, repurposed, 
technology-rich middle school library.  
Meetings with the district superintendent in conjunction with a review of local 
media articles highlighted partnerships with local businesses, foundations, museums, and 
universities that have contributed to bringing forward innovative programming for 
students. Findings by Sanders and Lewis (2005) show that when schools and 
communities work together, student achievement, the school, and the community are 
positively impacted. The positive contributions of teaching and learning identified as a 
result of this research study have roots in the relationships the district fostered outside its 
boundaries.  
Makerspace students without three years of consecutive experience in the 
program. Initial study plans excluded students who had not participated in the 
makerspace for three consecutive years in the makerspace program (sixth to eighth 
grade). One student from the group transferred into the school during their seventh grade 
year and two others transferred into the school at the beginning of their current (eighth 
grade) year. Initial study plans would have excluded this group from participation. 
Chance provided opportunity with the inclusion of this student group.   
Although not planned, the inclusion of students without three years of consecutive 
participation in the makerspace provided a unique perspective in the study. Two valuable 
contributions provided by this group include recognition of the therapeutic properties of 
creativity and making and a high level of appreciation for the makerspace and access to 
technology. Evidence of the therapeutic value is seen in comments made by two students 
from this group when asked what impact the makerspace had on them:  
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Student 1: I know the makerspace has changed me, honestly. It lets me express 
myself with my creativity that I couldn’t express myself anywhere else. It, let’s 
say, cleaned me out from what I was holding in.  
 
Student 2: I think it’s great to have at the end of the day, because it helps with the 
stress you had throughout school. It’s nice to have at the end of the day before 
you go home. It makes you want to come back to school. I think it just helps with 
some of my stress with school. 
 
When asked how the makerspace helps relieve stress and deal with emotions, the students 
continued sharing, stating,  
Student 1: I want to go a little off topic here [pause] some people use drugs to 
relieve their stress or take their minds off of what’s the bad things that are going 
on in their lives [sic]. I think if you introduced makerspace to many of these 
people they’d be able to express their emotions, in commercials, in the new 
projects. 
 
Student 2: I think it lets us be so creative. We can express ourselves more in 
objects and then keeping it inside. It just lets us take our minds away from the 
actual problem and lets us just put into an object, basically. 
 
Highlighting the therapeutic aspects of the makerspace is important as much of the 
literature surrounding making connects to the development of STEM-based skills. The 
sentiment from this group of students supports the arguments of Ryan et al. (2016) who 
state,  
To focus on STEM skills and the like as the primary outcome of maker-centered 
learning would be to sadly miss the point—it is like saying that learning to cut 
your food with a knife and fork is the most important outcome of eating a 
nutritious meal. 
 
Determining if the therapeutic experience of the makerspace lead to this group’s 
high level of appreciation of the makerspace and access to technology is beyond the 
scope of this study. What is identifiable in the students’ appreciation of the makerspace 
and access to technology is the recognition that the middle school of study has something 
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special that not all schools have. Students from this group shared differences between 
their old schools and current school, 
Student 1: Back at my old school we just had a plain old piece of paper and we 
had to draw something. I think it’s actually nice that we have the technology that 
we have. 
 
Student 2: The school that I came from. We had art and computers, but we didn’t 
have tech ed. The kids here, they’re unappreciative with what they actually have. 
The other school where I came from, on the computers, we didn’t get to edit 
videos or code. We worked on Power Points and worked on projects where it’s all 
typing, it’s not as fun.  
 
Student 3: Definitely here is seems way more advanced. At my old school we had 
Tech ED but all we made was something with paper. We tried to do it online, 
which was really, really complicated with the teachers there. Here, they [teachers] 
definitely help you know what to do more on the computers. They actually have 
you use the 3D printers and the wood. They don’t just have it there and you see it 
but you don’t actually get to use it. They [teachers] actually have you do 
something with it. 
 
The shared stories from this unique student group echo an underlying sense of 
engagement and school pride that the researcher experienced while working with students 
from other groups during data collection activities.  
Student Engagement and School Pride. Participants across the five student 
groups appeared happy to share information about the school’s dedicated makerspace. 
Threaded throughout the data collected on these groups was an underlying sense of 
engagement and school pride that emerged in connection to the makerspace. A glimpse 
of the special feelings that students shared can be gleaned from the phrases “great 
contribution to our school” and “schools to watch” in the concept map displayed in 
Figure 4.16. The following comments shared by students during focus group interviews 
further reflect engagement and school pride: 
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Student 1: It’s pretty unique from other schools. I don’t really hear about other 
schools having a makerspace or something similar to it. That’s cool to think 
about. 
 
Student 2: I would think more schools should have it [a makerspace] but I feel 
like we’re special because we’re one of the many schools that do.  
 
Student 3: Unimaginable to other schools because they don’t have the same 
opportunities as we have.  
 
When asked to clarify what they meant by “unimaginable,” the student responded, “It’s 
just, I guess, better that what other schools can think of.” 
 
 
 
Figure 4.15: Completed Student Group Concept Map 
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Opportunities for creative expression were shown to be present in the creativity 
theme discussed in the findings section of this chapter and could be a contributing factor 
in the sense of engagement and school pride recognized by the researcher in the student 
group. Spencer and Juliani (2016) share how creative thinking has the potential to 
increase engagement and learning, stating, “In our experience, when students are thinking 
creatively, they are fully engaged in their learning. This increased engagement often leads 
to more buy-in from students and ultimately deeper learning (p. 19).” The content area 
teacher group further strengthened the idea that the students displayed a level of 
engagement connected to the makerspace by sharing that certain afterschool student 
groups had stemmed from the makerspace.  
 
Summary 
	
Analysis of the collected data indicates that each of the four identified themes 
impacts the other. To look at any of the themes in isolation negates the collective 
contribution of the dedicated middle school makerspace explored in this study. Each 
theme, from the perspectives of the study’s participants, contributes to teaching and 
learning.  The conceptual framework, Leadership and the Circle of Teaching and 
Learning, featured in Figure 4.15 shows how a student-centered learning environment 
infused with technology contributes to the development of creativity and habits of mind. 
The identified themes revealed the importance of leadership in addition to a sense of 
engagement and pride felt among the student participants of this study.  
The learning environment of the makerspace provides students with a sense of 
freedom not often found in content area classes. Perceptions across the participant groups 
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indicate that the makerspace provides more hands-on learning activities than content area 
classes. Teachers from both the makerspace group and content area teacher group 
perceive the role of the teacher to be that of a facilitator who guides student interests. 
Student participants enjoy the freedom that they have to individualize projects but desire 
increased freedom in projects assigned.  
Combined perceptions of makerspace teachers, content area teachers, and student 
groups indicate that technology plays a central yet diverse role in the dedicated 
makerspace. Analysis of the makerspace teacher concept maps, content area teacher 
concept maps, makerspace focus group interviews, content area teacher focus group 
interviews, and direct observations show that students are exposed to numerous types of 
technologies ranging from apps for coding a Sphero robot to design programs for projects 
utilizing 3D printers and laser engravers. Participants from the makerspace teacher group 
stated that technology increases the range of projects offered to students, the content area 
teachers reported increases in technologically creative work in content area classes, and 
student groups report that the development of technical skills provides benefits for their 
futures.  
Creativity is at the heart of the makerspace explored in this study. Although 
centered in the makerspace, signs of creativity can be seen throughout the middle school 
building. Makerspace teachers want their students to leave the makerspace believing that 
they have the potential to be creative but perceive that creativity is being compromised 
due to a focus on the end results of production. Transfer of creativity to the content areas 
has been slow; the teachers noted that the use of technology as a tool for creative 
production has grown while students’ use of creative thinking in the classroom has not. 
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Student participants expressed positive regard for the opportunity to express individuality 
through creativity, but also stated that they would like the opportunity to increase 
creativity by having input into the projects that they would be working on. Furthermore, 
students in the group which had not participated in the makerspace for three consecutive 
years expressed using creativity as a way to deal with feelings and stresses of life. 
The habits of mind theme encompass the maker mindset. Martin (2015) describes 
the four elements that he feels critical for the successful development of a maker mindset 
in educational settings: playful, asset and growth oriented, failure positive, and 
collaborative. The makerspace studied represents the four elements described by Martin 
(2015). The makerspace teachers discussed the importance of the process of learning 
over the creation of a product. Achieving this outcome, the makerspace teachers act as 
facilitators who provide students with the freedom to learn how to get from “Point A” to 
“Point B.”  The freedom to explore provides students with opportunities to play with 
information and tools so that they can create and then share their learning and products 
with students around them. The content area teachers value the cognitive risk taking that 
accompanies the maker mindset but do not feel that they are benefitting from the 
development of this skill in the content areas. Describing the makerspace, the student 
participants used words like “fun” and “inspiring” which allude to an element of play. 
The positive regard shared about the makerspace includes stories of students emerging 
from difficult situations with the knowledge that they persevered and achieved. 
In closing, the results of this study show that a student-centered learning 
environment infused with technology provides opportunities for student creativity to 
flourish while developing the skills and mindset to learn from failures and mistakes. 
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Martinez and Stager (2013) state, “Making lets you take control of your life, be more 
active, and be responsible for your own learning” (p. 29). Dougherty (2013) shares the 
same sentiment, simply stating, “Making is about developing one’s full potential” (p. 9). 
The discoveries uncovered in this study reflect the words of Martinez and Stager (2013) 
and Dougherty (2013) by revealing that the freedom of the makerspace encourages 
students to take chances, learn from mistakes, and nurture creativity while providing an 
outlet for the stresses of life. 
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Chapter 5: Conclusions and Recommendations 
	
Introduction 
	
The purpose of this case study was to explore how middle school teachers and 
eighth-grade middle school students describe the contributions that a dedicated middle 
school makerspace has on teaching and learning in a middle school in Western 
Pennsylvania. This chapter provides an overview of the study’s purpose and the 
methodologies used, conclusions drawn from the study, recommendations for the district 
of study, recommendations for districts looking to initiate maker-learning environments, 
and for continued research on the contributions of makerspaces in educational settings.  
Overview of the study  
When talking about making, Dale Dougherty (2013) states, “the biggest challenge 
and the biggest opportunity for the Maker Movement is to transform education” (p. 8). 
Research indicates that making has the potential to generate significant contributions to 
student learning. Although recognized as a means of promoting STEM/STEAM-based 
disciplines (Halverson & Sheridan, 2014), creativity, innovation, entrepreneurship 
(Bevan, Petrich, & Wilkensen, 2015; Fleming, 2015), and maker empowerment (Agency 
by Design, 2015; Ryan et al., 2016) there is little information on how dedicated 
makerspaces contribute to teaching and learning in K-12 educational settings. This study 
explored the question posed by Martin (2015) of, “What do youth learn through making 
in educational settings?” (p. 36).  Uncovering answers to Martin’s (2015) question 
provided insight into the broader question of how a dedicated makerspace provides 
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purpose to learning in an ever-changing world where skills which are desirable in 
industry and the workplace are continually evolving.  
A case study design was used in this study to explore the contributions of a 
designated makerspace on teaching and learning in a middle school setting. Seven 
teacher participants and sixteen student participants met with the researcher on two 
separate occasions to complete a concept map activity and participate in a focus group 
interview. Three teachers participated in the makerspace teacher group representing the 
areas of art, computer science, and technical education. Four teachers participated in the 
content area teacher group representing the areas of math, science, social studies, and 
English language arts. Sixteen eighth-grade student participants were divided into five 
student groups resulting in four groups of three and one group of four. Concept map 
activities were completed in October 2016, while focus group interviews were conducted 
in November 2016 and December 2016. Researcher observations of the makerspace were 
conducted across the same three-month period from October 2016 to December 2016.  
Once divided into groups, participants engaged in a concept map activity and 
focus group interview. The concept map activity was designed to provide study 
participants the opportunity to make their thoughts about the makerspace visible. To 
ensure understanding of the concept map activity, the researcher created a sample 
concept map and demonstrated the process of concept mapping with each participant 
group prior to beginning the activity.  
Prompts were provided to guide participants thinking about the makerspace. 
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Makerspace teacher prompts:  
Think about the makerspace.  
1. How would you describe the makerspace to someone who has never heard of it?  
2. Think of the students who have participated in the makerspace. How has 
participation in the makerspace contributed to their learning?  
3. Think of your role in the makerspace. When you tell someone what you do, how 
might you describe your role?  
 
Content area teacher prompts:  
Think about the makerspace.  
1. How would you describe the makerspace to someone who has never heard of it?  
2. Think of the students who have participated in the makerspace. How has 
participation in the makerspace contributed to their learning?  
3. Think about the teacher’s role in the makerspace, how might you describe it? 
 
Student prompts:  
Think about the makerspace.  
1. How would you describe it to someone who has never been there?  
2. Think of a time that you felt motivated to complete a project. What thoughts were 
you having when you felt this way?  
3. Think of the time that you have spent in the makerspace. How has the experience 
contributed to how you think about learning? 
 
Completed concept maps were initially coded and analyzed by hand. NVivo 11 was used 
to further code, analyze, and display the data.  
Focus group interviews provided an avenue through which to hear the 
participants’ voices. Focus group interviews were guided by semi-structured questions, 
which provided the opportunity to ask emerging questions throughout the interviews. 
Focus group interviews were recorded and transcribed using REV.com, an audio 
recording and transcription service. Transcripts were coded and analyzed by hand and 
later further processed through NVivo 11, resulting in the development of themes.  
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Guiding this study was the central research question, How do middle school 
teachers and students describe the contribution of a dedicated makerspace on teaching 
and learning?  
The study’s central question was broken down into two sub-questions designed to 
isolate the teacher and student perception of the makerspace: 
1. How do middle school teachers describe the contribution of a dedicated 
makerspace on teaching and learning? 
2. How do eighth grade middle school students describe the contribution of a 
dedicated middle school makerspace on teaching and learning? 
 
Conclusions 
	
The central research question of this study asked, How do middle school teachers 
and students describe the contribution of a dedicated makerspace on teaching and 
learning? The accompanying sub-questions broke down the central question to isolate 
perceptions from teachers and students. Contributions are discussed in accordance to the 
teacher perception and student perception. 
Sub-question 1: How do middle school teachers describe the contribution of a 
dedicated makerspace on teaching and learning? 
Freedom is defined by Merriam Webster as “the quality or state of being free: 
such as the quality or state of being exempt or released usually from something onerous, 
freedom from care.” From the teachers’ perspectives, the makerspace offers freedoms 
that traditional or content area classes do not offer. Freedom from being a tested subject 
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area, the makerspace extends freedoms from teachers to students. Teachers are free to 
present projects to students and facilitate learning as students make projects their own.  In 
turn, teacher freedoms provide student freedoms.  
Sub-question 2: How do eighth grade middle school students describe the 
contribution of a dedicated middle school makerspace on teaching and learning? 
The unexpected finding of student engagement and school pride expanded the 
researcher’s understanding of the contributions and impacts of making. The range of 
information shared by the student participants encouraged the researcher to view the 
contributions of the makerspace from a panoramic perspective. Taking in all that the 
student participants shared, the researcher has concluded that the largest contribution that 
the makerspace offers students is a space to be many things—a space to be free, a space 
to be creative, a space to explore, a space to try new things, a space to fail and try again, a 
place to be collaborative, a space to learn skills for future careers, a space to be 
expressive, a space to be healed. From the panoramic perspective of the students, the 
researcher has found that the makerspace provides a comprehensive teaching and 
learning environment. Just as the opinions regarding the makerspace are individual to the 
students who shared them, the contributions of the makerspace are individual to the 
students learning in them.  
The finding of student engagement and school pride reflects the end result of 
providing students with opportunities to experience learning in ways that makes them feel 
good about what they are doing and leaves them feeling good about their school. In turn, 
the positive regard keeps students engaged and gives them a reason to come to school. If 
the purpose of education is to provide students with skills for the future, the makerspace 
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does just that by teaching students that learning and creating has the potential to provide 
them what they need to be successful in life.  
 
Recommendations 
	
The recommendations presented in this chapter represent the end point in the 
researcher’s exploration of makerspaces. The researcher entered into this study with the 
purpose of exploring the contributions of a middle school makerspace on teaching and 
learning from the perspective of both teachers and students. The researcher exits this 
study with a shareable end product that merges literature, with active learning in the form 
of data collection and analysis, and creation in the form of a written document. In the 
spirit of making, the recommendations below reflect the researcher’s shift from consumer 
of knowledge to creator.  
The recommendations are divided into three areas. The first area provides 
recommendations for the district of study to continue providing students unique learning 
experiences in the dedicated makerspace. The second set of recommendations is geared 
toward districts interested in moving away from traditional learning environments for the 
adoption of a maker learning environment and dedicated makerspace. The third set 
provides recommendations for further research to extend the field of making and maker 
education.  
Recommendations for the District of Study 
Findings from this study indicate that students are gaining more than technical 
skills through participation in the dedicated makerspace. Beyond the use of technology, 
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students are displaying an appreciation for the freedom and hands-on learning 
environment provided in the makerspace. This appreciation correlates strongly with 
student engagement and school pride. In order to continue providing students 
opportunities for growth, specific recommendations include: 
• providing students with opportunities to work on self-selected projects based on 
individual interests; 
• providing students with increased opportunity for student choice and freedom in 
project selection; 
• increased integration of the makerspace and content area classes to increase 
transfer of skills throughout settings; 
and 
• modeling of creative thinking and problem solving in content area classes to 
increase student sensitivity to potential opportunities to transfer skills developed 
in the makerspace to content areas. 
Recommendations for Schools  
As indicated in the literature, maker learning has the potential to positively impact 
many aspects of student learning, ranging from the development of technological skills to 
the ability to fail and succeed. Schools interested in creating a makerspace should engage 
in research when designing the physical space and determining what materials and 
equipment to purchase for inclusion. It is further recommended that student stakeholders 
and a range of teacher stakeholders are included in the design process. Including students 
and teachers in the design process provides exposure to making and creating, increases 
ownership of and engagement with the makerspace, and reduces the potential for a divide 
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between makerspace and content areas. Further recommendations include increased 
infusion of making in content area classes through utilization of a co-teaching model. 
Specific recommendations include: 
• collaboration between building and community stakeholders, including (but not 
limited to), building leadership, teachers, students, and community resources in 
the design and creation of a designated makerspace; 
• infused maker learning in content area classes for increased learning potential and 
transfer of skills 
and 
• possibly researching and promoting a co-teach model in content area classes 
where a content area teacher and maker facilitator work together to merge the two 
concepts in content areas. 
Recommendations for Future Studies 
Findings from this study show that students positively benefit from participation 
in a dedicated makerspace. The use of technology, development of creativity, and the 
opportunity to learn how to move on from initial failures provide students with life skills. 
The current literature promotes making as an explicit avenue for the development of 
STEM-based skills, as an environment where creativity can flourish, and as a place where 
students can develop the habits of mind necessary to believe one can succeed (Bevan et 
al., 2015; Dougherty, 2013; Honey & Kanter, 2013; Martin, 2015, Martinez & Stager, 
2015; Ryan et al., 2016; Vossoughi & Bevan, 2014). In order to gain a fuller 
understanding of the benefits of participation in a makerspace, the researcher 
recommends: 
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• further study in the social-emotional benefits of making; 
• development of a larger scale study that isolates the student experience; 
and 
• further study to explore the effects of leadership on the development of innovative 
learning spaces.  
 
Summary 
	
This study explored contributions of a dedicated middle school makerspace on 
teaching and learning. Shared stories from the makerspace teacher group, content area 
teacher group, and student groups provide insight into the benefits of the unique learning 
space. Beyond the acquisition of technological skills, the makerspace proved to be a 
space conducive to the development of the whole child. Free from constrains typically 
associated with standardized assessments, makerspace teachers enjoyed flexibility in 
promoting student choice and independence. As active facilitators of the learning 
environment, makerspace teachers bolstered a safe place for students to create, explore, 
try new things, and learn through mistakes. A sense of engagement and school pride was 
embedded in the shared words of student participants in this study. Students described 
feeling that their school provides something unique and special, something not all schools 
have. The biggest contribution of the dedicated makerspace in this study maybe the pride 
that students felt in having something special at their school which keeps them excited to 
come back. 
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Appendix A: Observational Field Notes  
 
 
Study Title: Making: A case study describing the impacts of making on teaching and 
learning in a middle school setting 
 
Setting:                                                                                                  Date: 
Time:                                                    
Descriptive Notes Reflective Notes 
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Appendix B: Protocol for Makerspace Maps 
1. Tell participants that I am interested in learning what they think about the 
district’s dedicated makerspace.  
2. Tell participants that I am going to ask them to do a concept map about the 
makerspace. Ask students if they have done a concept map before. Inform 
participants that there are many ways to complete a concept map, so we will be 
creating a quick map together so that we are all on the same page about how we 
will be doing this one.  
3. Prior to beginning the sample, explain that we will be completing the mapping 
activity in groups of three.  
4. Using the word “HOLIDAY” create an example concept map. Explain that this 
map is about brainstorming ideas and making connections, that here are no right 
or wrong answers. Explain that I am just interested in their ideas. 
5. Pass out the Makerspace Thinking Map sheet to the groups and read directions. 
Ask participants to fill out the demographic information at the top of the map. 
Ask participants to take a moment to think quietly before sharing ideas with the 
group.  
6. After a minute passes, pass out the second prompt sheet. Ask students to read it 
and to use the prompts to add to their maps. 
7. When all groups appear to be done ask participants to try to come up with one last 
thought related to the school’s makerspace.  
 
Adapted with permission from: 
Ritchhart, R., Turner, T., & Hadar, L. (2009). Uncovering students’ thinking 
about thinking using concept maps. Metacognition and Learning, 4(2), 145-159. 
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Appendix C: Blank Concept Map 
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Appendix D: Focus Group Matrix
 
 
Adapted with permission from: 
 
Onwuegbuzie, A., Leech, N. L., & Collins, K. M. T. (2010). Innovative data 
collection strategies in qualitative research. The Qualitative Report, 15, 696-726. 
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Appendix E: Makerspace Teacher Interview Protocol 
	
	
Participants: 
_______________________________________________________________________  
Discipline(s): _______________________________________Grade Level:__________ 
Date: _________________________  Time: ______________ 
1. Tell me about yourself (number of years teaching, background, education). 
2. What is the purpose of the makerspace? 
3. How is this learning space the same or different from other learning environments 
in the middle school? 
4. What is your role in the makerspace? 
5. What is the student role in the makerspace? 
6. What types of activities do students engage in the makerspace? 
7. How do students demonstrate learning in the makerspace? 
8. How do you assess learning in the makerspace? 
9. What are the benefits of learning in this makerspace? 
10. What impact has the makerspace had on the way that you approach teaching and 
learning? 
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Appendix F: Content Area Teacher Focus Group Interview Protocol 
 
Participants:______________________________________________________________ 
Discipline(s): _________________________________________Grade Level:_________  
Date: _________________________  Time: ______________ 
1. Tell me about yourself (number of years teaching, background, education). 
2. Based on your awareness of the Makerspace what is the purpose of the 
Makerspace?  
3. From what you know, what is your role of the teachers in the Makerspace? 
4. Based on your awareness of the Makerspace, what types of activities do students 
engage in the Makerspace? 
5. Based on your awareness of the Makerspace, how do students demonstrate 
learning in the Makerspace? 
6. Based on your awareness of the Makerspace, how is student learning assessed?  
7. Based on your awareness of the Makerspace, how is the Makerspace the same or 
different from other learning environments in the middle school? 
8. What impact, if any, has the addition of the Makerspace had on teaching and 
learning in the Middle School? 
9. What impact, if any, has the addition of the Makerspace had on students in the 
Middle School? 
10. What impact, if any, has the Makerspace had on you professionally, personally? 
11. Is there anything additional that you would like to add 
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Appendix G: Student Focus Group Interview Protocol 
	
Participants:______________________________________________________________
________________________________________________________________________ 
Date: _________________________  Time: ______________ 
 
1. Tell me about yourself (hobbies, interests, favorite subjects). 
2. What is the purpose of this learning space? 
3. What does learning look like in the makerspace? 
4. How do teachers help you learn in the makerspace? 
5. How do you demonstrate learning (or show what you know) in the makerspace? 
6. How are students evaluated in the makerspace? 
7. What are the benefits of learning in this makerspace? 
8. How would you describe the makerspace to someone who has never experienced 
it? 
9. How is learning in the makerspace the same or different from learning 
environments in the middle school? 
10. How has spending time in the makerspace changed you as a person? 
